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FOREWORD 

nauos1oooou 
29 June 1984 

This Final Technical Report (FtR), was developed under Air Porce Contract 
•F33615-8l-C-5119, Project Priority 1105, entitled "ICAK ConceptuAl Design for 
Computer Integrated Manufacturing." This contract was sponsored by the 
Computer Integrated Manufacturing Branch, Manufacturing Technology Division, 
Materials Laboratory, Air Force Wright Aeronautical Laboratories, Air Force 
Systems Command, Wright-Patterson Air Force Base, Ohio, 45~J3. this project 
was administered under the technical direction of Captain Ricnard R. Preston. 

this document, Volume I, of the Final Technical Report, contains the 
Project Overview and Technical Summary for the ICAH Conceptual Design for 
~omputer Inte~rated Manufactu~ing Proj~ct. 

the results of this project have been achieved by a coalition of companies 
organized and managed under the leadership of the prime contracto~, Vought 
Corporation, with Mr. Don L. Norwood providing primary overall contract 
leadership and management responsibility (TASK A). Other task leaders were: 

1. Mr. Robert L. Moraski, Vought Corporation, responsible for leadership 
and management of the Factory of the Future Conceptual Framework Thrust 
(TASK B). 

2. Mr. Frank E. Sullivan, Northrop Corporation, responsible for leadership 
and management of the Integrated Composites Center Conceptual and 
Preliminary Designs (TASK C and TASK E). 

3. Mr. Robert H. Wettach, General Electric Company, responsible for 
leadership and management of the Quality Assurance Modeling and 
Analysis Thrust (TASK D). 

The other major participating companies of the coalition were: 

o D. Appleton Company, Inc. (DACOM) 
o General Dynamics/Fort Worth 
o Hughes Aircraft Company 
o Illinois Institute of Technology Research Institute 
o Softech, Inc. 

In addition to the major coalition participants, the following compan~Bg 
and organizations served as reviewing participants on one or more project 
thrusts:: 

-- -------1'-o-r------:o:.":~-' 

.,.. g._.. __ ~ I 

ill 

I 'tl o0 
• ,,,.•)r;•(j 

!. '- ., ~- r· i 1 _; ~ ~ 1;: 1 I ,_ 
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o Battelle Columbus Laboratories 
o Baughman Consulting 
o Bell Helicopter 
o Bendix Corporation 
o Boeing Aerospace Company 
o Boeing Commercial Airplane Co. 
o Boeing Computer Sarvices Company 

Division 
o Boeing Military Airplano Co. 
o Cincinnati Kilacron Incorporated 
o Douglas Aircraft 
o Fairchild Republic Co. 
o Genersl Electric: 

Aerospace Electronic Systems, Utica 
Aircraft Engine, Evendale 
Simulation and Control Systems, 

Daytona Beach 
Ordnance, Pittsfield 
Military Electronic Systems, 

Syracuse 
Re-entry Systems, Philadelphia 
Aerospace Control Systems 

Binghamton 
o Goldsworthy En~ineering 
o Grumman Aerospace Corporation 
o Honeywell, Inc. 
o HQ Aeronautical Systems Division 

29 June 1984 

o HQ Air Force Contract Management 
o HQ Armament Divi~ion (AFSC) 
o HQ Arnold Engineering and Development 
o HQ Ballistic Missile Office (AFSC) 
o HQ·Defense Logistics Agency 
o HQ Haval Air System Command 
o HQ Space Division 
o HQ-HASA 
o Hughes Helicopter 
o Ingersoll Killing Machine Co. 
o Lockheed Georgia Company 
o Lear Siegler, Inc. 
o Lockheed Missiles and Space Co. 
o Martin Marietta 
o McDonnell Aircraft 
o HASA 
o Office of the Undersecretary of 

Defense 
o Research Triangle Institute 
o Rockwell International 
o Sikorsky Aircraft 
o TRW, Inc. 
o Texas A&M University 
o Texas Instruments Incorporated 
o U.S. A~y. DARCOM 
o United Technologies Corp. 

Bote that the number and date in the upper right r.orner Qf each page of this 
document indicates that this Document has been prepared according to the ICAM 
Configuration Management Life Cycle Document Requirements and is a designated 
configuration item. 
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SECTION 1.0 

INTRODUCTION 

1.1 PROJECT 1105 OBJECTIVES 
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---:._) There were three major objectives to be accomplished on -the "Conceptual 
Design for Computer Integrated Manufacturing" contract: 

·- -·· . . . ,-----·-
...... ) (.1) The Factory of the Future (FoF) Conceptual FrEllllework (Task B) had 
three specific overall objectives: 

~~ F·To develop a strategy to achieve a computer-integrated framework 
· concept that integrates all major activites (e.g., Design, 

Marketing, QA/QC, Product Support, Manufacturing Planning, etc.); 

o e'TO establish an overall Conceptual Framework that will describe 
these integrated activities; J.-, 1-

r.-~ C- To create an aerospace enterprise framework structure that 
serves ass baseline for computer-integrated manufacturing-(CIH~~ 
initiatives through the year 1995. 

(2) The Integrated Composites Center (Tasks C/E) had has its objective 
the acceleration and modernization of composites manufacturing operations. 
Task efforts ~ere devoted to establishing preliminary ~esigns and 
specifications for a computer aided composites manufacturing center that 
integrates all activities required to produce composite aircraft structures. 

(3) In the Quality Assurance Modeling and Analysis (Task D) effort, the 
objective was to identify computer integrated technologies that would allow 
the aerospace industry to reduc~ product costs while maintaining traditionally 
high quality standards. __ 

( . -- -- . .___ 

1.2 MAJOR PROJECT 1105 TASKS 

The major tasks which were to be accomplished on this project are shown 
in Figure 1-1. 

1.3 PROJECT APPROACH 

All major task coalition teams of Project Priority 1105 pursued their 
objectives using the proven four phased ICAK Life-Cycle approach to systems 
development. This phased task approach of study, design, and implementation 
has been successfully used to implement specific technologies in firms 
throughout the country. The US~F ICAK IDEF (I for ICAM, DEF for definition) 
modeling methodologies for function (IDEF0) and information (IDEF1) were 
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Task A - ErtJths.~menr of rhe Mas:er Plan and Schedule /paragraph 4.1 I. 

Tasir B. EstaM,sn .,e,11 of the Facrory rf fhi' fuwre Conceptual Framework 
!p.,Jqr•on 4)) IOpt•on II 

Task C- Esrat.hs/lme.?f of the INeyrJred Com;Josrres Center Requrremenrs 
Deli••trM anrf Conceptual Desrgn (paragraph 4.3.1. 

Task D. Esut.-r.shmen: a/the "AS IS" Arc~•ter~urt of OA "Q[ Functrons 
(paraqraph 4.41!, Esrablrshment oft he /CAM Oualrty Assurance Manual 
fodragr.aph 4.4.31 anri J Produc r Assurance Prugram Sraadard 
lparaqrJph 4.4.4!. 

Task E EstJbhsh:err o I rn~ Integrate.! CompoS!Ies C~nrer Prehmmary 
OeSIIJn ,md s~ stem SpeCI!IcrJtton Document fparJgJ~ph 4.3.8). 

101)110/1 )J 

Figure 1-1. Technical Requirements/Tasks 
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used by all three tasks of this project. Figure 1--2 is an IDEF0 model 
depic~ing the function relationships that existed been the major project 
tasks. Of key importance is the incorporation of other than ICAK 
manufacturing data and the feedbacks from Task C (the Integrated Composites 
Center Conceptual Design) and Task D (the QA/QC effort) to Task B (the Factory 
of the Future Framework). 

...... ._ 
ACfl .... liiS• 
MA .. U'ACTVIUIIIJO ........ 

Figure 1-2. 
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1.4 PROJECT TIME SPAS CHART 

FTR110510000U 
29 June 1984. 

A time span cha~t is shown in Figu~e l-3 which establish6s when the majo~ 
p~oject tasks/options a~e to be accomplished. 

1981 1l.l82 1983 1984 
SIOINID JlF~jA~JJJ~iAISIOI~liO J IF if.A'AIMIJ IJ lA ISIOINID JIF Jlo!IA IMIJIJ )A_l_S!OlN_lD 

TASK A D 

TASK B I 
OPTION 1 r----

I TASK C I I 

TASK 0 I I 

I TASK E 
OPTION 2 

Figu~e l-3. Time Span Cha~t 

1.5 LIST OF PROJECT 1105 TASKS AND SUBTASKS 

Because of the complexity of p~oject 1105, a complete list of the p~oject 
technical ~equi~ements and tasks a~e shown in Table 1-1 as they appea~ in the 
cont~act Statement of Wo~k (SOW). 

1.6 INDUSTRY COALITION 

The Vought-led coalition was a ~esults-o~iented team of manufactu~in~ 
specialists with the dive~sity of .skills and expedence necessa~y to 
successfully accomplish the goals of the p~oject. The team possessed 
demonst~ated manufacturing and QA/QC expertise. Du~ing the cou~se of the 
p~oject. it proposed many innovative solutions to previously identified ICAM 
problems. The coalition also included an experienced &roup of technical 
consu~.tants and advisors who complemented the resources of the major 
conttactors. Figure 1-4 shows the coalition organization. 

1.7 PROJECT 1105 CONTRACTOR/SUBCOlrrRACTOR RESPONSIBILITY 

An ove~view of the entire coalition responsibilities an approach to 
Project 1105 is provided in Figure 1-5. 

. L,.,a:<iijllf$JW 
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TABi.E 1-1. LIST OF PROJECT 1105 TASKS ABO SUBTASKS 

4.0 TECHNICAL REQUIREMENT/TASKS 

4.1 Phase I, Task A, Establish Master Plan and Schedule 
4.2 Phase II (Option 1 I. Task B. Factory of the Future Framework (FOFI 

4.2.1 Scope the Technocal Effort and Identify Nec-:ts 
4.2.1.1 Scope the Technical Effort 
4.21 .2 lden!ofv Needs 

4.2.2 Establosh Improvement Concepts 
4.2.2.1 Eva 1 u~te Improvement Conco;pts !rum Existing Systems 
4.2 .2 .2 Stat~·ol·the·Art lnvestog•tion 
4.2.2.3 Document Systems Requorements 

4.2.3 Detaol Factory of the Future Concepts 
4.2.3.1 Es!abl11h Factory of the Future System Specification 
4.2.3.2 Establosh Factory of the Future Framework 
4.:?.3.3 Analyte Factory Framework, Centers and Subsystems Interactions 
4.2.3.4 Economoc Benef.t Analysos 

4.2.4 Summa11L~ F •ctory of the Future Results 
4.3 Phase I Task C. Establid• Integrated Composite Center Conceptual 

4.3.1 
Requirements 

Establosh Integrated Composotes Center Scope 
Complete Pll~cds Analysos 
Complete Cullt-nt Pract1cc Understandmg 
Formulate Improvement Concepts 

4.3.2 
4.3.3 
4.3.4 
4.3.5 
4.3.6 

Oe'onc I'IIC<Jrat•'d Composlles Center System Con~epts 
Produce .. TO BE" lnt~grated Compos1tes Center System Requirements 

Document 
4.3.7 Prelommary Desogn Subplan 
4.3.8 Phase Ill (Opt1on 21. Produce Prchmonary Desogn 

4.3.8.1 fle11ne and Deta11 Requirements 
4.3.8.2 Des1gn Integrated CompOSite Center System 
4.3.8.3 Prociuce "TO BE" Integrated Compos1tes Center Models 
4.3.8.4 Produce "TO BE" Integrated CompoSite~ Center System 
4.3.8.5 Conceptualole and Documer.tlntegrated Compo>ites Center 

Svstem Conf1gurat1on . 
4.3.8.6 Establosh lr.tcgrated CompoSite Center System Test P!an 
4.3.8.7 Produce Col\loguratiOn Item Identification 

4.4 Phase I, Tosk D. Quality Assurance/Quality Control/Technical 
Requirements/Tasks 

4.4.1 Establish OA!OC Project Plan and Schedule 
4.4.2 Understand the Problem Using the MFG 0. MFG 1, DES 0 and DeS 1 

Architecture 
4.4.2.1 Perform Needs Analysis 
4.4.2.2 Establ"h "AS IS" Environment 
4.4.2.3 EstabliSh the "AS IS" Composite OA/OC Models 
4.-' ~.4 Establ1sh "AS IS" Architecture Interlace 
4. .!.5 Est•blosh Improvement Concepts 

4.4.3 Establosh OAI AC Manual 
4.4.4 Establish Product Assurance Program Standard 
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SECTION 2.0 

EXECUTIVE SUMMARY 

2.1 Establish Project Master P1an and Schedule (Task A) 

FTR11051000U 
29 June 1984 

The Project Master Plan and Master Schedule was finalized and impleoented 
as a management tool and project roadmap in November 1981. The Project Master 
Plan described the project organization, assignment of responsibilities, 
management procedures and ceporting requirements. The Master Plan was revised 
twice during the project duration. 

The Project Master Plan and Master Schedule was instrumental in tracking 
and monitoring project progress; initiation of new tasks as well as 
verification and reporting activities involving project results. 

2.2 Establish Factory of the Future Conceptual Framework (Task B) 

Since its inceptior., the U.S. aerospace industry has established an 
unsurpassed recorJ for developing high-·performance quality weapon systems. In 
responding to the requirement for c~nstantly improving product perfo~nce 
this industry established an enviable track record for developing and 
producing technically superior WP.apon systems. This reoponse, in turn, led to 
the development of a "product performance at any cost" attitude. 

Advanced materials and structure technologies have evolved and have been 
incorporated into new aerostructure designs to meet the demand for improved 
products. In adapting these new technologies, the aerospace industry has, 
essentially, continued to pursue the challenge to develop superior products by 
conducting business-es-usual. 

This approach, coupled with economic constraints, spiralling production 
costs, and a nation-wide decline in productivity have significantly increased 
the costs of weapon systems over the last 15 years. As a result, this signals 
an end to the era where costs could be ignorea for the sake of performance, 
even when dealing with systems on the cutting edge of technology. 

It has now become clear that, as a nation, we may well be approaching a 
time when procurement costs could compromise our defense requirements. Weapon 
system costs are now being considered and evaluated equally with performance • 

As one of the primary custom~rs for U.S. aerospace products, the United 
States Air Force (USAF) became increasingly concerned with contemporary trends 

/ 
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in this essential 4efense industry. With product costs isolated as the 
deciding factor in nev weapon system procurement, the USAF reasoned that the 
technology develop~ent revolution, which had helped to escalate aircraft 
costs, could by the same token, be applied to reduce aircraft costs through 
the implementation of computer intesrated manufacturing (CIM) systems. To 
this end, the USAF Inte~rated Computer Aided Manufacturing (ICAM) Program wss 
initiated. The !CAM charter was focuted on the identification and application 
of manufacturing technologies that offered productivity improvement, cost 
reduction and product quality enhancem2nt. 

The creation of an or&anized program (ICAM) for encouraging the U.S. 
aerospace in1_1.ustry to look beyond the busineEs-as-usual approach of the 1950's 
for answers to improving cost and productivity has proven quite successful. 
Numerous ICAM projects have produced a host of information for improving 
aerospace manufacturing through the implementation of automation and computer 
technologies. These ICAM efforts have reversed the trend of increased 
production costs and declining productivity at the shop floor level. 

These promising, though limited successes, of ICAK developed technology 
application coupled with the realization the weapon system cost increases 
extended beyond the shop floor suggested that a new way of thinking, a new way 
of doing business was necessary if our aerospace industry was to survive in 
the last decade of the 20th Century and succeed in the 21st Century. With 
this realization, ICAM established a far-reaching project comprised of tasks 
focused on identifying a new order, a new structure fo.r the aerospace indus-tq. 

In an effort to capitalize on previous ICAM project results and to go 
beyond the limited successes attained with individual shop floor projects, 
ICAM Project Priority 1105 "Concept.ual Design for Computer Integrated 
Manufacturing" was established. This project was scoped to analyze the total 
system of the aerospace enterprise and its operations; not just the shop floor 
and applicable manufacturing technologies. The challenge was to examine, 
dissect and as&ess the essenti.al functional elements required to produce an 
aerospace product and develop a frareevork or guidelines for their 
integration! These elements included Design, Finance, Marketing, QA/QC, 
Manufacturing, Inventory Control and Product Support. 

The resulting Conceptual Framework for a Factory of the Future (FoF) was 
to provide guidelines for the horizontal integration (between functional 
el~ents) of the aerospace ente~rise and the vertical integration of the 
functional elements. To assure that the resulting conceptual Framework was 
complete, two suppo~ting tasks (whieh in themselves were major contractual 
efforts) were incorporated into project 1105. These supporting tasks further 
defined two essential aerospace enterprise entities: composites structure 
manufacturing (Tasks C/E} and QA/QC (Task D); they will be discussed 
separately in the following sections of this Volume as well ~ in full detail 
in Volumes III ~nd IV respectively. 
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'l'o fulfill the aims of the expanshe scope of this task to develop a 
.Conceptual Frame~ork for a.FoF, three specific overall objectives were 
established and met. These objectives were: 

o To develop a strategy to achieve a computer-integrated fr&mework 
concept that will integrate all major functional elements (e.g., 
Desi&n, Finance, Q~/QC, etc.) 

o To establish an overall Conceptual Framework that will describe these 
intesraled activitie~ 

o To create an aerospace enterprise framework structure that will serve 
as a baseline for CIH initiatives through the year 1995. 

It is apparent tbat the Conceptual Framework for a FoF coalition team bad 
to address these objectives from a perspective not used in more conventional 
ICAM projects. Tnat persp&ctive was from tbe aerospace enterprise 
(specifically the General Manager) point-of-view as opposed to tbe shop floor 
point-of-view. Our resultant system view, was therefore of a sopbisiticated, 
complex social/techno~ogical system ·· the aerospace enterprise - a dynamic, 
self-regenerative entity that is constantly evolving and growing. 

Tbis redefined aerospace enterprise was the result of extensive research 
·and industry review of the current conditions, needs and technologies involved 
in the manufacture of aero structures. Appendix A of this volume contains the 
results of a review of project results by a panel of noted manufacturing and 
computer authorities conducted in Hay of 1983. Members of this panel were: 

~ Mr. Harvey Buffum (independent consultant) 
o Dr. Joseph Harrington, Jr. (Arthur D. Little) 
o Hr. James F. Lardner (VP Deere and Co.) 
o Professor Wickham Skinner (Harvard Business School) 
o Mr .. Richard Spears (Boeing Computer Services Co.). 

Based upon these research results a Conceptual Framework that effectively 
and efficiently integrates operationn in tbe aerospace enterprise was 
established. This framework is based upon: 

o FoF Generic Functicns 
o FoF FunctionaL Framework 
o FoF Integration Concept 
o foF Conceptual Framework. 

/ 
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The FoF generic functions (fisure 2-1) illustrated below in ICAK ID!Ft 
function model format are quite familiar. In fact. they are the same 
functional elements that an aerospace enterprise requires today. Our research 
results indicatg. that these generic functions will not differ significantly in 
1995. However, our analysis did indicate that thie discrete mechanisms for 
performing these functions (e.g., Design Engineering, Manufacturing 
Engineering, QA/QC, etc.) dramatically change as new computer techniques and 
technologies are developed and implemented. 

l 
.r'·~"'· "'l''"<:l'"' l•' 

Figure 2-1 FoF Generic Functions 

Once the generic functions were identified, a functional framework for the 
FoF environment was established (see figure 2-2). This resulting structuring 
of information and activity, as illustrated, reflects a realignment of the 
organizational structure within the enterprise based upon functional 
relationships. The superimposition of the information network and the factory 
management function upon the other functional elements emphasizes the idea 
that integrated management of the FoF requires an effective and comprehensive 
information transfer network. 
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Further r~fi~ement led to the classification of the identified needs in 
seven major need cate&ories. These categories are: 

o Information Resourra Kanag~ent (!RM) 
o ~actory Kanaget!lent 
o Product Definition and Planning 
o Product Assurance 
o Human Resource Management (HRM) 
o Financial Hanagemen.t 
o Materials Management. 

These categorized nee(s provide the basis for the functional integration 
of all projected foF activities through the 1995 time frame. These need 
categories are guiding concepts for the integration of aerospace enterprise 
Oferations. As a result., they are specifically applicable to all FoF 
aerospace fum·- tions and cannot be isolated from those functions. Figure 2-~ 
illustrates (conceptually} this integration concept. 
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Figure 2-4 FoF Integration Concept 
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Combinin& the abova cotaeepts into a oimplified Cont'.eptual .Framework for a 
FoF, results in the framework illustrated in Figure 2-S. KQypoints to stress 
are: 1) that six centers on this diagram directly relate to the six generic 
functions illustrated in figures 2-1 and 2-2; 2) the common information and 
logical processes are representative of all enterprise knowledge and 
procedures; and 3) the connecting lines represent the information transfer 
netvork which radiates from the information and procedures hub and provides 
the necessary routes for integration of the aeros~aee enterprise functional 
activities. 
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Figure 2-5 FoF Conceptual Framework 

While the brief summary provides the essence of our FoF Conceptual 
Framework results, there are numerous and varied details which are vital to 
understanding this Conceptual Ft·amework. There the reader is encouraged to 
read section 3. 2 of this volume and Vol•1me II, Part 6 of this Final Technical 
Report which describes the Conceptual Framework in detail. 
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2. 3 Establish InteHated Composites C"'nt.~r Conceptuat Desbn ·(Task C/E) 

The use of non-metallic coreposite materials in the manufacture of 
aerospace structures has revolutionize~ production resource, infonnation and 
operational requir·ements in the a.srospace industry. Structures comprised 
primarily t'r entirely of composite materials are currently being produced by 
virtually ~ery U.S. aerospace company for both military and commercial 
aircraft The structural enhanc~ments of light weight, increased 
survivab_lity and low visibility offered by the use of composites makes this 
the material choice for modifying existing aircraft as well as for 
next-generation aerostructure~. In the future, composite materials will be 
used in primary aircraft stru~tureG (wines, fuselages, etc.) as well as their 
current use in secondary structures. 

However, even though there is currently expanding use of composite 
materials by U.S. aerospace, present manufacturing methods are by and large 
very inefficient, labor intensive, and costly. The fabrication of composite 
stt~cutres in a non-automated manufacturing environment poses a number of 
serious issues relating to current production programs requiring comp.Jsites. 
As the rate, complexity and size of composite structures increases with the 
design and manufacture of next generation aircraft, the current manual labor 
and suboptimal production techniques with their corresponding cost and quality 
considerations will become major stumbling blocks. To meet the demands of 
near-term and future composite aerostructure requirements, the development and 
implementation of computer and autoDated technology planning and production 
systems is essential. 

In response to this critical need, the Integrated Composites Center task 
was included in ICAH Project 1105 with the following objective: "Establish 
preliminary designs and specifications for a computer-aided composites 
manufacturing center that integrates all activities required to produce 
composite components for small &nd large aircraft structures in an automated 
"paperless" factory . 

Due to the clearly stated emphasis on indust~-wide benefits from this 
Integrated Composites Center (ICC) effort, a coalition was formed to create 
the conceptual ICC design. rns approach provided the best and most rapid 
means to disseminate ICC information to interested aerospace companies. 

To enhance the validity and workability of project data, coalition team 
members completed individual site-specific preliminary designs within their 
aerospace manufacturing facilities. These individual efforts were then 
refined and melded into a collectively formulated generic preliminary ICC 
design. Further enhancements were made to this design, through the invaluable 
assistance and participation of a number of representative aerospace firms, 
technical experts and consultants. 
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As a result of these efforts, an ICC preliminary design was established 
with the following characteristics: 

o Conforms to an envisional 1990 manufacturing environment 

o Allows the production of a variety of composite aircraft strue' .ures to 
include: 

Secondary structures, such as doors &nd panels 
Primary strucutres. such as wings and fuselages 
Specialized structures for fighter and transport aircraft 

o Facilitates fabrication to the ~ubassembly level 

o Features material systems capable of handling: 
Graphite/Epoxy 
Kevlar 
Feberglass 
Thermoplastics 
Graphite/Polymide 
Graphite/Bismaleimide 

o Offers reuseable and disposable bagging 

o Provides a multitude of curing operations including: 
Autoclave 
Oven 
Matched metal dies 
Conventional temperature 

o Includes other essential composite manufacturing operations, such as: 
Test and inspection 
Trimming and drilling 
Specialized material handling 
Composit~ part rework 

o Moves forward in technology implementation and computer control with 
systems such as the composites Management System 

o Emphasizes human factor considerations in special skills areas within 
the ICC 

Composites Management System 
Quality of Work Life 

This brief summary provides an overview of the ICC effort. The r.eade~ 

interested in the detailed ICC preliminary design is referred to Volume III~ 
Parts 1 through 10 of this final technical report. 
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2.• Establish QUalitY Assuranc.e/$)Uality Control Technical Requirements Tasks 
(Task D) 

The U.S. aerospace industry hGs always set a very high priority on product 
quality, reliability, and maintainabilit.y. There ::revery few items produced 
by other businesses that equal the precision, endurance, and performance that 
are the hallmarks of aerospace products. Unfortunately, these self-imposed 
standards of product excellence have come to the industry at • high price. 

In an effort to improve the industry's cost efficiency without 
jeopardizin5 its high qualit;r standards, the USAF inco!:"'po.>t·atcd a quo.Utr 
assurance/quality control (QA/QC) task in ICAK Project Priority 1105 -
"Conceptual Design for Computer Integrated Manufacturing." The QA/QC 
challenge was to identify computer-integrated technologies that would allow 
the aerospace industry to reduce product costs while maintaining traditionally 
high quality standards. To this end, key manufacturing areas that could 
contribute to product cost reductions through the implementation of computer 
technologies without adversely affecting QA/QC were identified. 

The information developed in the QA/QC effort is applicable to a broad 
range of manufacturing scenarios. The project documentation (Volume IV, Parts 
1 through 6 of this final technical report) provides guidelines for the use 
these USAF !CAM developed technologi~s in specific envirorunents. Of prime 
importance, the data presented in the "Architecture for Product Assurance" 
(Volume IV, Part 5 of this technical report), offers a starting point to 
assess existing situations, to subsequently identify corrective steps, and to 
determine what levels of integration are needed to assute quality and 
productivity increases throughout the entire manufacturing cycle - from design 
and engineering to field use of the finished product. 

Much of the application process outlined in the "Architecture for Product 
Assurance" has been undet'takcn, completed, and "road tested." Th~ path to 
reducing costs and enhancing product quality through technology implementation 
begins with a series of critical questions. ·Answers to these questions within 
the context of a specific manufacturing scenario lead to the self-analysis 
necessary to begin technology implementation. Typical questions include: 

o Are quality requirements and activities considered only after the 
design is finalized? 

o Are there voids in lhe quality system that, once filled, would benefit 
customers as well as the company? 

0 

0 

Are there any obsolete QA functions still being used? 

Are t~ere duplicated QA/QC functioru;a;~here within the manufacturing 
cycle? 
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o- Can the present quality system ~cco~cnodate proposed changes such as: 
~ntro4uction of nev products? 
A4dition of robotics to existing automation? 
Adoption of inventory contrc-1 measures for "just-in-time" 
material/part provisioninp,? 
Intro4uction of CAD/CAM? 
Transition from n centralized computer system to a distributive 
system? 

If, within the context of a specific manufacturing scenario, the first 
four questions are answered "No," and the applicable sections of the fifth 
question are answered "Yes," the the finn is ready to answer the ultimate 
question related to thi5 project task: 

o Is cost-effective QA/QC factored into the con~any's plans for 
automation technology application? 

The answer to this query can ultimately be obtaine4 through the use of the 
modeling and analysis tools developed as a result of this QA/QC task. These 
tools are presented in detail in Volume IV of this report. 

Based upon reported applications and successful uses of this projects 
results, this project was recognized in 1984 as one of the past years ''Top 10" 
examples of manufacturing technology successes by the Office of the 
Undersecretary of Defense for Research and Engineering. 

2.5 Conclusion 

The ultimate conclusion reached during this effort was that there are no 
pat answers or tailored-made guides that lead to instant solutions for current 
cost, productivity, and quality issues. Project 1105 tasks did identify 
systematic methods and tools for analyzing the ~Anufacturing issues of today 
and, in so doing, provide a str·uctura for developing alternative approaches 
that·use computer driven technology to resolve these identified issues. These 
tools (which include the IOEF0 and IDEFl modeling methodologies developed by 
ICAM) provide a logical process to structure current and future operations 
through the logical sequence of identified activities. The generic nature of 
these tools allows their use not only in the aerospace manufacturing arena, 
but universally in almost any manufacturing or service-oriented enterprise. 
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PROJECT ACCOMPLISHMENTS BY WORK BREAKDOWN STRUCTURE (WBS) 

3.1 ESTABLISH MASTER PT..AN MID SCHEDULE (TASK A) 

The purpose of Task A was to develop a Project Kaster Plan and Schedule 
(PMP) for accomplishing the project objectives. Figure 3-1 is a simplified 
outline of this task. The PHP contained the strategy, approach, 
responsibility and description of deliverables associated with each contract 
requirement and was used as a monitoring and management mechanism thcYghout 
the pcogress of this contract. 

A I_ 41 

TAS«A-
UTA8LI6H 

MASlYR 'LAN 
AND SCHfOUU 

l 
AA l AB I 

UTA8L1SH ESTABLISH 
MAST f. A MASTER 

PLAN SCHEOUU 

Figure J-1. Tnsk A Objectives by Work Breakdown Structure (WBS) 

This task was completed and approved by the !CAM Program Management Office 
(PKO). The original PHP (PMP110510000) was published as part of 
ITR110510001U. One year after contract award, the document was updated to 
reflect changes. It was approved and released as PHP110510000A. This PKP was 
updated once more to reflect contract changes (PHP110510000B) in early 1983. 
These documents were used for rr~naging and monitoring the activities of 
Project 1105. 

3.2 FACTORY OF THE FUTURE CONCEPTUAL FRAM~~RX (TASK B) 

The purpose of Task B was to Establish the Factory of the Future 
Conceptual Framework. An outline of the WBS items used to accomplish Task B 
is shown in Figure 3-2. 
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Specificall~. the major objectives for Task B ~~re: 

o ?D develop • ctratety to achieve a computer-integrated framework 
.:oncept that will integrate all major activities (e.,., ~;>esign, 

Finance. Mark9tin& 1 QAIQC. Product Support and Manufacturing Planning) 

o To establish an overall Conceptual Framework that will describe these 
integrated activities 

o To create an aerospace enterprise framework structure that will serve 
as a baseline for computer-inte~rated manufacturing (CIH) initiatives 
through the year 1995. 

• I 4.2 

TASK B • 
UTASLIISH 

fOF 
FRAMEWORK 

4.2.1 •• 4.l.Z ec 423 BD 4.24 ~~ 
SCOPE 

TECHNICAL IITABLISH D(TAIL IUMMARIZE 
QAIOC 

EFFORT AND NPIIOVEM£NT FOF FOF 
SUI'POIIT 

IDENTIFY CONCli"TI CQNCEI"TI REIULTS 

NEEDS 

421.1 BIIA r 4 2.21 • •• I 4.2.2.2 BCA I u.u BCB I 4.2·3.2 

ICOPf EVALUAn EITAIILISH 
.. PROVEioiENT STATE OF FOF 

EITABLISH 
THE FOF 

C~I"BFROM THE ART 
TECHNICAL 

INVIST1GAT10N 
IYITIM 

FIIAMIWOIIK 
EFFORT DIIITWG IYITtM SPECifiCATIONI 

EFFORTS 

..... 4.2.1.2 •-e 4.2.ZJ ace 1 4233 SCD I U.U 

ANALYZE FACTORY 
IDENTifY DOCUMENT FRAMEWOIIII ECONOMIC 

NUDI sYSTEM CENnR AND IENEFIT 
R(QU111EMEI'ITI 

IUBSYSTEMI AIIIAI.YSIS 

FO!II INTERACT10NI 

Figure 3-?.. Factory of the Future Objectives by WBS 

3.2.1 Scope The Technical Effort and Identify The Heeds (WBS 4.2.1) 

Under this task, statements of key needs were obtained from applicable 
ICAK, ManTech, Tech Kod and industry efforts. These needs were analyzed and 
addressed in two life cycle documents: the Seoping Document (SD) and the 
Heeds Analysis Document (NAD). 

In developing the Scoping Document (SO), SO 110512000 the coalition 
established two major goals. 
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o To develop a stt·ategy to achieve a computer-intesrated manufacturing 
(ClH) conceptual fr.:•met4'0rk that. integrates/interfaces/interacts vitb 
all major activities of tbe enterprise (e.g •• desi&n. finance, 
marketin&, quality assurance/quality control, product support and 
configuration management) through the l995 time-frame. 

o To design an overall conceptual frnmevor' that includes multipurpose 
production centers (i.e., assembly, macl" .ning, electronics, composites 
and sheet metal). 

Together with these goals. the team proceeded to identify needed enabling 
tecrulology for implementing and managing CIK activities (i.e •• areas requiring 
additional work). Applicable documents were icientified and terms &nd 
abbreviations were defined. 

The coalition team knew that to achieve the stated CIK objectives of the 
FOF framework all activities of the aerospace manufacturing company from 
marketing through product delivery and support must be systematically 
integrated to assure that computer driven application would result in optimal 
operations. 

o Marketing of the product. submitting customer proposals and initiating 
contracts to provide products and services 

o Engineering the products, manufacturing processes. lools. equipmen·t. 
facilities and computer systems 

o Acquiring, installing and managing resources 

o Fabricating sheet metal, machined and composite parts and assembling 
the components into final pruJucts 

o Planning, evaluating, testing, inspecting and controlling to assure 
vroduct quality and p~rfocmance 

o Providing clear operation and maintenance instructions and field 
support to customers after product delivery. 

The coalition realized that the Group Technology Concspt suggested an 
ideal hierarchical control structure for total enterprise o~erations. This 
control structure would consist of a factory Which managed one or more 
centers. Each center would manage one or more cells Which, in turn, managed 
one or more stations. As a result, each station would perform one or more 
processes to accomplish the objectives of the organization. 

Research showed that current programs were pursuing the design and 
demonstration of integrated centers for sheet metal, machining and composite 
fabrication as well as integrated centers for assembly and electronics. These 
centers would likewise be recognized as a part of the FOF framework. 
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The Task B coalition initially envisicned the func.tional structure of the 
FOF as depicted in Figure 3-3. Facto~y level management received policies an4 
directives from corpor.ute level management and were charged wi.~h conducting 
successful aerospace enterprise operations. 

The scoping Document identified five viable centers of functionally 
related activity within the control of factory level rnanagP.ment. 

(1) The Marketing Canter which would provi~e customer liaison and 
services to initiate product development and production. 

(2) ~e Product Lef!nition and Planning Center which included the 
activities of design engineering and manufacturing planning in 
defining the product and production technology and quality 
requirements. 

(3) The Provisioning Cent~r which acquired all materials, tools, 
facilities, equip~ent and people required to accomplish the 
factory's function. 

(4) The Manufacturing Center wherein the fabrication and assembly of the 
product occurred. 

(5) The Logistics Center which included such items as product operating 
and maintenance documents, field service, field training detachments 
and the providing of spares and kits. 

Out of these centers, all product requirements exist; such as design, 
material requirements, process planning, quality planning, tooling and 
facilities which are product/production-o~iented. All the products and 
technology requirements were functionally related. 

In developing thA scoping Document, several trends were immediately 
apparent to the coalition: 

o Few activities performed actual physical production steps 

o Several activities were involved in management decision-making 

o Each activity had a parallel activity wt:ich was communication of 
information to other relevant activities 

o Budgeting and cost-estimating were not adequately defined to determine 
their influence on the FOF 

o Design should be viewed as a product itself to be scheduled, performed 
and evaluated. 
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o Production-oriented desitn mu~t include process planning and quality 
planning 

o Actual physical production steps are only a small part of the overall 
process of a manufacturing Enterprise 

o Up-front planning is ·a key area 

o Management decisions affect the ability to plan for and accomplish the 
activity 

o The Factory of the Future must have a common info~tion system whether 
it is a computer data base or a manual system. 

The coalition submitted the results of this analysis in the FoF Scoping 
Document as Report Number SO 110512000 dated 25 Karch 1982. (Refer to Volume 
II, Part 1 of the Final Technical Report). 

The Needs Analysis Document (NAD) NAD110512000, dated 10 Kay 1982 (refer 
to Volume II, Part 2 of the Final Technical Report), expanded the Factory of 
the Future environment in terms of concepts for cost drivers, human factors 
and other activities performed for the system identified as Task B, ICAH 
Project Priority 1105, Conceptual Design for Computer-Integrated &nufacturing. 

The needs and voids in today•s environr.~ent that bad to be incorporated in 
the "To-Be World" through 1995 were identified by the coalition. From this 
study, some ~00 needs were identified. These 400 needs were broken down into 
36 categories and these broad 36 categories were simplified into 7 majo~ 
categories as follows: 

o Info~tion Resource Management 

o Management and Control 

o Product Definition and Planning 

o Product Assurance 

o Human Resout·ce Management 

o Materials Management 

o Financial Management 

The results of the Needs Analysis document were used as the basis for 
developing the requirements for the FOF through the 1995 time frame. Tbsse 
requirements were detailed in the Systems Requirement Document (SRD), dated 3 
Karch 1983. (Refe~ to Volume II, Part 4 of the Final Technical Report). 
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Five general goals were established by the coalition. These &oals u·~ 
eommon to any indu3try Which desires to improve its competitive position and 
incrt~ae its productivity. 

o Reduce cost/price and increase profits 

o Improve quality 

o Improve Human Resource Management 

o Reduce time fro~ customer order to product delivery 

o Improve manufacturing flexibility 

As their approach to the Neods Analysis Document, the coalition conducted 
an extensive review of tho literature then scheduled many meetings to discuss 
the technical aspects of the FOF conceptual framework. Figure 3-4 illustrates 
the revised FOF framework that evolved from these meetings and Figure 3-5 is 
the IDEF0 which supports the FoF framework illustration. 

A detailed review of ICAH technical reports, Han'Iech reports, Tech Mod 
reports and general tra~e publications led to the development of the 
technological needs as shown in Figure J-6. In this figure, the needs are 
described in abbreviated form as they pertain to each of the five centers that 
evolved under the manage factory concept. A more detailed description of 
these needs and activities can be foun~ in the Heeds Analysis Document which 
was submitted to the Air Force on 10 Hay 1982 as Document BAD110512000. 

Once the goals, the technology, and the key needs were determined, the 
main question vas, "}:ow will these changes occur in the factory?" Only rarely 
vi\1 the opportunity exist in industry to build completely new factories. In 
most cases, the Factory of the Future must be introduced in an evolutionary 
manner. Seven areas of consideration were identified for this evolutionary, 
introduction of the FoF. The basic questions raised in ~ach area were: 

o What functions/activities/concepts will be added, deleted or changed 
for the FOF? How should the old functions/concepts be pt~sed out and 
the new ones phased in? 

o Under what situation should various available technologies oe used? Is 
there a preferred sequence for implementation? 

o What limitations or opportunities exist for reorganizing factory 
resources? 

o How should the conceptual organizational structur~ be changed to 
accommodate the application of new technologies? How will these 
changes affect the human skills requir~nts? 
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What management concepts, controls and objectives should be used to 
implement an~ oporate the FCF? 

How will the new comnunication and information management concepts be 
implemented? What ~ill be their affect on the rest of the factory? 

What new accounting and financial management methods will be required? 

Feasible answers to these questions were discussed in detail in the H~eds 
io.nalysis Document submitted to the Air force on 10 Kay 1982. 

Other needs, such as economic conditions in national and world economy. 
market conditions in the defense industry, management style and the 
introduction of new product technologies were not addressed as they were 
outside the scope of this document. 

Pases 3-38 through 3-46 of lhe fleeds Analysis Document (NAD110512000) 
contain a series of matdces developed by the coalition to simplify 
understanding and to emphasize needed future task efforts. These matrices 
relate the connection between the detail FOF functional needs and the seven 
generic needs categories established earlier in this discussion. Based upon 
the relationships shown in the matrices, the following conclusions were dra~: 

o Information Technology and Information Resource Management are 
essential buildi~g blocks for the FOF. 

o It is impossible to separate management of the factory from the 
requirement for Information Resource Management. 

o Combining engineering functions is essential in enhancing productivity. 

o Quality assurance improvements will increase productivity. 

o Resolution of personnel problems are as vital as resolution of problems 
relating to the selection and implementation of technology. 

o Strict materials management is having the right material, at the right 
place, on time and at reasonable cost is a vital concern of management. 

o As more functions are automated, the direct-to-indirect labor ratio 
will change drastically; consequently, new financial management 
procedures must be developed. 

It was generally agreed by the coalition that the "glue" necessary to bind 
all the functions together would be the communication links between 
activities. Concepts had to be developed based on providing reliable 
communications between various activities. The Computer-Based Information 
Systems (CBIS) (ICAH Priority 3101) dealt with this in considerable detail. 
This CBIS structure provided the coalition with the basis to develop concepts 
for Information Resource Management. 
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One of the need cat~&cries, mana~ament and control was emphasized with 
control as a critical" issue of management. It included such aetivHies RS tho 
development and impl~~entation of ~olicy, establishin& quality assurance 
directives, setting objectives and shaping employee relations. 

Another primary need cate~ory identified by the coalition was Product 
Definition and Planning. Product D~sign is necessarily constrained by the 
functional requirements of the pro~uct nnd by the factory's manufacturing 
capabilities. Design must be evaluated in terms of manufacturin& costs and 
time. The~efore, a method must be developed by which the designer can access 
current info~tion on manufacturing capabilities and the costs of various 
alternatives. Product design, then, is translated into a product definition 
which can be separated into two distinct categories; geometric and 
non-geometric data. 

All the other need categories (i.e., Product Assurance, Human Resource 
Management, Materials Management and Financial Management) are also vital to 
the conceptualization of the FOF. It is not valid to assume that these need 
categories are less important than the ones discussed above. All should be 
considered of equal status. 

A complete discussion of all needs categories may be found in the Needs 
Analysis Document of 10 Kay 1982. 

3.2.2 Establish Improvement Concepts (WBS 4.2.2) 

The purpose of this task was to establish a set of improvement concepts 
based upon the need categories in the. fo.~ of requirements that addressed the 
framework of the integrated Factory of the Future. The coalition investigated 
computerized information flow, strategic and tactical planning, management and 
decision support areas at all levels to accomplish this task. The 
accomplishment of this task was reported to the Air Force in State-of-the-Art 
Document SAD 110512000 dated 20 September 1982. (Refer to Volume II, Part 3 
of the Final Technical Report). 

This section of the Statement of WOrk tasked the Contractor to evaluate 
each system level improvem~nt concept proposed or being pursued by industry, 
to evaluate the impact of each improvement and to show how many of the 
improvements, if implemented in the ICAH planning and control area, would 
benefit the various shop centers. 

The coalition revie~ed the state-of-the-art in commercially available 
teehnologies that could be used, but which were not being currently employed, 
plus needed technologies which would possibly satisfy the improvement 
concepts. A visual summation of this review is depicted in Fi;ure 3-7. 

Where appropriate, technology which was being developed but had not yet 
been proven cost ~ffective was included in the document. The major emphasis 
was on commercially available technology which could possibly fulfill the 
needs identified in the Needs Analysis Document. 
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The goal of the State-of-the-Art Docume.nt was to investigate the 
infot"'Ution/comna.micallon technologies which were the key tools for 
integrating the FoF under the Manage Factory function. The primary focua vas 
on the most current technology with a demonstrated potential for cost 
effectiveness. Many of these technologies are of the 1983 vintage. While 
these technologies will change rapidly, manufacturing's needs will change acre 
slowly. 

It was obvious that the pt."imary concept which was needed to bind together 
the Factory of the Futu~e activities was the communication links between the 
activities. The Computer-Based Info~tion Systems Project (ICAK Priority 
3101) dealt with.this in considerable detail. By creating the concept of a 
"neutral data structure," the information common to multiple activities could 
be described. This neutral data structure could then be used as a framework 
for the common data base. 

Appendix A of the State-of-the-Art Document contains a summary of data 
base management systems (DBMS) currently on the market. Not all available 
DBMS are inclu~ed but only a representative group which describe a variety of 
features. 

Various computer networks, hardware interface/terminals, human interaction 
with terminals, machine interaction and software interface are also described 
in detail in the State-of-the-Art Document. 

As part of its task, the coalition investigated tho development of the 
so-called "fifth-generation" computer. The concepts under scrutiny were: 

o Intelligence interface to enable the input and output of information 
via speech, graphics, symbols and documents 

o Knowledge-base managem~nt which will store relevant data baKes so that 
an operator csn retrieve information at any time 

o Problem solving and inference which is the ability (in one form or 
another) to learn and make inferences from the knowledge stored in the 
data base . 

Artificial intelligence (AI) uses a computer to mimic or supplement busan 
intelligence in a decision-making context. It has two aspects: ·(1) a 
knowledge-base incorporating a set of information (or data) and its 
interrelationships, and (2) an inference procedure that "reasons" or selects 
the appropriate info~tion for a particular situation. 

Application:: TechnolQ.U - The St.h annual "Production Directory of 
Computers in Manufacturing" listad over 250 sources for manufacturing systems 
software. Commercially available technologies which are Information Resource 
Management oriented and addressed the other six needs categories were surveyed 
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and evaluated at two levels. At the first level, the sources were 
state-of-the-art documents produced by ICAK projects. At the second level, 
the sources were promotionBl liter.ature and directories on commercially 
available computer-integrated manufacturing (CIM) systems • 

Because of the many mergers and acquisitions occurring in this market, it 
was impossibie to ascertain which systems would be commercially available in 
the near future. However, it was not difficult to predict the characteristics 
of main systems. These are: 

o Increased accessibility and sharing of information 

o Improved flexibility and responsiveness 

o Improved integrity and timeliness 

The manner in which these systems address other primary drivers of generic 
needs are shown in Figure 3-8. 

Technology Voids - Technology areas which are nQt available to support 
subsystem requiremen~s were identified in terms of the need~ categories. Due 
to the interactions between these need categories and their often lon& range 
implications, it was not possible to measure the impact of fulfilling the 
individual needs. The basic needs and their corresponding technological voids 
are summarized in Figure 3-9. A full discussion of these voids may be found 
in Section 3.0 of the State-of-the-Art Document whi~h is Volume II, Part 3 
(SAD110512000' of this Final Technical Report. 

Key Concepts in Computer-Integrated Hanufacturi.nJS - For its leading role 
in developing Computer-Integrated Manufacturing (CIH) the Ingersoll Hilling 
Machine Company, received the 1982 LEAD Award from the Computer and Automated 
Systems Association of the Society of Manufacturing Engineers. 

Out of their original research, Ingersoll adapted three pivotal strategies 
that bear importantly on the use of the computer in engineering and 
manufacturing. 

o First was the decision to use numerically controlled machines from the 
moment they were practically available 

o Second was the decision to employ computer-aided design (CAD) 

o Third was the decision (taken within the last three years) to rewrite 
all its info~tion software programs to make it possible fo~ tho 
company-wide software system to organize and integrate all the data 
from all its pro&rams (i.e., the start of the lot.cal common data base 
of the FoF). This was the start of their managemunt and business 
information system. 
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• PROVISIONS FOR DISTRIBUTED DATABASES 
(ON D!STRr!I~TED MACHINES! 

• flEXIBILITY TO THE END USERS 

• REDUCTION OF THE NEED FOR SOFTWARE 

• IMPLEP.IENTATION PLAN WHICH WILL: 
- MINIMIZE INITIAL IMPACT 
- BE ABLE TO EVOLVE 

• TRUELY CLOS~D-LOOP SYSTEMS 

• Tlr.tELY·ACCl!RATELY-READILY AVAILABLE 
CONTROLINFORMATIO~j FOR DECISION 
SUPPORT 

• IMPROVED LEVEL OF CONTROL SYSTEM 
RESPONSE TO CHANGE 

• IMPROVED TOOLS FOR DECISION SUPPORT 

• PRODUCT DEFINITION AND PLANNING 
INVOLVES SEVERAL DISCIPLINES 
(E.<;: .• INTERACTIVE GRAPHICS. FINITE 
ELEMENT MODELING, SIMULATION) 

• A NEED FOR All OISCIPllhES TO BE 
NETWORKED ON A COMMON OPERATING 
SYSTEM 

• ADVANCES IN OTHER INDUSTRIES MAY OR 
MAY NOT APPLY TO A MODERN. HIGHLY 
COMPLEX AEROSPACE PROGRAM WITH THE 
VAST AMOUNT OF DETAIL AND CHANGE 
ACTIVITY 

• THE <;REA TEST BMlRIER 'rO IMPlEMENTATION 
IS THE ORGANIZATIONAL IMPACT 

• IM". -' · .. D ORGANIZATION INTERFACE 
DU• -··~ NEW PRODUCT INTRODUCTION 

• IMPROVED QUALITY INFORMATION 
SYSTEM 

• EFFECTIVE QA/OC FIELD INFORMATION, 
ACQUISITION AN(J UTILIZATION 

• NEW WAYS OF TEST AND INSPECTION 

• SOFTWARE QliAliTY ASSURANCE 
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THE VOIDS 

• PROCEDURE FOR CONVERTING A 
PROLIFERATION OF INDEPENDENT 
DATABASES INTO AN INTEGRAL 
SYSTEM 

·-HARDWARE AND SOFTWARE PROTO. 
COL STANDARDS (SEMI) 

• COMPATIBLE HARDWARE 

• CUSTOMIZABLE SYSTEMS 

• COMMERCIALLY AVAILABLE TECH· 
NOLOGY FOR IMPLEMENTATION 

• COMPATIBLE MECHANISMS FOR 
DATA COLLECTION 

• REAL TIME DATA COLLF.CTION 

• HARDWARE AND SOFTWARE SUPPORT 
FOR DATA COLLECTION 

·SAME AS NEEDS· 

• EFFECTIVE MECHANISM OR 
NETWORK BY WHICH INFORMATION 
CAN BE COLLECTED AND COM· 
MUNICATED 

• EFFECTIVE HISTORICAL DATABASE 

• "IN·LINE" OAIQC FUNCTIONS 

• SOFTWARE QUALITY ASSURANCE 
METHODS 

Figure 3-9. Technology Voids Matrix 

3-18 

; 
.... 
0 
~ 
,;, 
:0 



GENERIC 
NEED CATEGORY 

HUM.•.N 
RESOURCE 

MANAGEMENT 

MATERIAL 
MANAGEMENT 

FINANCIAL 
MANAGEI~ENT 

BASIC NEEDS 
.. 

• SKILL REOUIREMEN'!"S 

• INFORMATION NEEDS 

• PRODUCT VS. PROCESS "FOCUS" 

• INVOLVEMENT 

• ORGANIZATION STRUCTURE 

• MOTIVA Tl014 

• BEnER AND LONGER· TERM PLANNING 

• ORGANIZATIONAL DEVELOPMENT 

• IMPROVE COMMUN:CATION WITH 
SUBCONTRACTORS 

• REDUCTION IN MATERIAL COSTS 

• IMPROVED WORK·IN·PROGRESS 
MANAGEMENT 

• MORE EFFECTIVE FACILITIES AND 
EQUIPMENT MANAGEMENT 

• A NEW METHOD OF ACCOUNTING 

• A CONSOLIDATION AND STANDARDilATIOII 
OF FINANCIAL DATI i!ASES 

• AUTOMATIC PART AND RESOURCE COST 
COLLECTION 

• IMPROVED MEASURES OF 
PERFORMANCEIPROOUCTIVITY 

• REDUCED INVENTORY COSTS 

• IMPROVED "'ETHODS OF PRODUCING AND 
PRESENTING FINANCIAL INFORMATION 

• TOOLS FOR MORE ACCURATE BUDGETING 

• IMPROVED SYSTEMS FOR GENERATING 
ACCUR.l.TE MANUFACTU11NG COSTS FOR 
PARTS AND WHOLE SYSTEMS !AND LINK TO 
ENGINEERING TRADE·OFF STUDIES) 

• FORECASTING MODELISI 

• IMPROVED TOOLS FOR EVALUATING ROiiROA 

. FINANl.IAL SYSTEMS INTEGRATION WITH 
PRODUCTION CONTROL SYSTEMS 

YTR110510000U 
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THE VOIDS 

SAME AS NEEDS EXCEPT FOn MO[)ULES 
SUPPORTING: 

• REDUCTION OF MUNDANE JOSS 

• ENHANCING DECISION SKILLS 

• IMPROVED COMMUNICATION 

• NOT IN THE TECHNOLOGY BUT 
IN THE APPLICATION OF WHAT 
IS AVAILABLE 

• THE INCENTIVE TO IMPROVE 
THIS AREA 

·SAME AS NEEDS · 

Figure 3-9. Technology Voids Matrix (Concluded) 
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fte main modules in lhe cotnpUter-ir.tegratccS manufacturing system at 
·· Insenoll are: 

o Master schedule 

o Engineering design 

o Inventory control 

o Purchase and accounts payable 

o Parts manufacturing and cost 

o Assembly 

The whole structure is supported by the data base management system and 
accessed from 121 on-line computer terminals. This system is run in real-time 
with over one-half of their indirect labor force having their own perEonal 
computer access code. A breakdown of the Ingersoll system is presented in 
Section 4.0 of the September 1982 State-of-the-Art Document. (Refer to Volume 
II, part 3 of the Final Technical Report). 

Appendix A of that Document furnishes a review of selected data base 
systems; Appendix B supplies a review of selected. previous ICAK state-of­
the-art reviews. 

Systems Requirements Task 

The System Requirements Task identified the improvements needed to 
establish the conceptual framework of the Integrated Factory of the Future 
The economic benefits and analysis was not accomplished at this time, since 
the concepts for aerospace factory improvements were not yet gelled into a 
total cohesive factory "system." 

The System Requirements Document was the first functional document for the 
"tO BE" -:onceptual framework of the Factory of the Future. It detailed the 
seven generic needs categories identified in the FoF Needs Analysis Document 
as to their requirements. These needs categories established the basis upon 
which to establish the System Specification and the FoF conceptual framework. 

The System Requirements Document expanded the seven needs categories by 
identifying specific requirements for each need: 

o Information resource management 
o Management of the factory 
o Product definition nnd planning 
o Product assurance 
o Human resource management 
o Materials management 
o Financial management. 
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Section 3.0 of the System Requirements Document identified and described 
functions that are projected to occur in tha Factory of c.he Future as they 
related to the needs categories. This Document, as developed, examined the 
transition fo.·om the "AS IS" aerospace factocy of today to the conceptual "TO 
BE'' factory of 1995. Current "AS IS" deficiencies defined in the 'Needs 
Ane~lysis Document were expanded into "TO BE" conceptual requirements which 
were used to further develop the FoF conceptual framework, 

Appendices A through G of the System Requirements Document of 3 Karch 1983 
contain a wealth of supporting data to substantiate and "flesh out" the 
identified factoLy-level system requirements. These appendices are vital to 
the understanding of the philosophy and the reasons "how" and "why" the 
coalition developed this particular FoF conceptual framework. 

Information Resource Man~ement - Manufacturing, in the ultimate analysis, 
is a series of information processing steps. As industry moves 
toward flexible manufacturing capabilities in the FoF, more and more 
information will be computerized. Such physical objects as templates and 
master models will be replaced with electronically .stored data. This 
computerized information will begin to be viewed as a company resource. As a 
result, information will be the common company resource that affects every 
function within the Enterprise. It is apparent, then, that the efficient 
management of information is essential to the effective functioning of the 
FoF. The specific requiremen.ts are: 

o Information resource contr~~ 
o Information manipulation 
o Information application. 

The coalition established certain criteria for these requirements to 
fulfill their functions. For example, the information control requirements 
had to provide a fully automated, intelligent data dictionary that would 
support the formal definition of the total factory information structure. 
This requirement also had to provide automated tools and techniques for the 
dynamic structuring of infon.1ation to support application views of the factory 
and to provide information resource @anagement standards and procedures with 
supporting computerized tools for programs which share common information. 

Information manipulation requirements were classified into four categories: 

o To provide for the consistent, timely and accurate transmitt&l of 
information to all users 

o To provide information processing tools to support both automated and 
human controlled decision-making (e.g., artificial intelligence) 

o To make common information readily available to users through a 
friendly, interactive, natural command language 
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o To be able to store information in an efficient and flexible manner. 

Information application requirements were defined as being able to provide 
'1118ehanisms and techniques to capture, !'tore, process and comrwnir..ate 
information which reflected marketing and sales, business management, pro~uct 
definition and planning, procurement and material management, manufacturing 
and product support knowledge. 

Management of ~he Factory - In analyzing the mana~erial opsratio~s within 
t~day's factory, it soon became evident that efforts to improve productivity 
and quality have yielded less than desirable results. The primary causes for 
this have been: 

o Inadequate integration of corporate business objectives into fa=tory 
operations 

o Permitting suboptimization of one functional area's activities which, 
in turn, impacted other areas 

o Inability to implement alternate plans and options 

o Poor determination of resource requirements 

o Poor allocation of existins resources 

o Management's inattention to the impact of technological changes on 
current operations. 

In examining these causes of management inad~quacy, the coalition 
d~termined that to correct the problem it would be necessary (1) to provide 
management tools and procedures that generated realistic schedules for all 
factory activities; (2) to provide management tools and procedures to 
resource requirements and allocate those resources in an optimal mar1ner, and 
(3) to provide manasement tools and procedures that support the 
identification, assessment, selecthm and implementation of vital new 
technologies. 

Product Definition and Planninr. - This area encompassed two key elements: 

o The Design Function - the requirement to define a more satisfactory 
product for the customer 

o The Manufacturing Planning Function - the requirement to combine detail 
design, manufacturing technol~gy and customer requi~ements into a plan 
to produce the more satisfac':.ory product in an impro':led manner. 

The following requirements are vit&l to the successful iMplementation of 
these key elements: 
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o int.er&etive ccr.~~pUter graphics 
o Group technolo~y 
o AutomateJ process planning 
o Product d~finition and planning data base 
o Change handling flexibility. 

FTR110510000U 
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These requir·ements arc discussed in detail in the System Requit'eMnta 
Document. 

Product Assurar~ - In the realm of product assurance, two vital areas 
"'ere dE:si!l;nate1 tor examination: 

· o Requirements specifically related to Quality Assurance/Quality Control 

o Requirements specifically related to Confi~uration Management. 

Tha coalition determined that many new provisiona had to be made in order 
to upgrade ~ality Assurance and Quality Control procedures. These were: 

o To provide analysis tools and procedures for implementing quality 
during the design phase 

o To provide procedures ar,d mechanisms to improve the inspection pt"oces-s 

o To provide a more efficient means for documenting nonconformins parts 
and materials 

o To provide an improved interface with manufacturing control 

o To provide procAdures and mechanisms to integrate the flow of all QA 
information through the Enterprise. 

In the field of Configur:1tion Management, it was determined that 
improvements could be achieved by: 

o Providin& tools and procedures to improve the identification, 
controlling and tracking of configuration items 

o Providing improved storage and maintenance of Configuration Hanag~nt 
. information 

o Providing pt·ocedu r-es and mechanisms to integrate Conf it;uratlon 
Management activities and information with other activities. 

Human Resource HanagP.ment - During tha development and implementation of 
the FoF it will be es8ential to address the human side of automation and 
technological innovation. This is valid regardl~ss of the innovation, bo it a 
changQ in procedure or the design and construction of a new factory. Failure 
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to consider the human side of ·the t~ehnolo&ical equation leads to results that 
do not equal expe~talions. 

Factors contributing, to this sensitive area are: 

o Employee's fear of losing their jobs 
o Managers fear of losing their power base 
o Organizational disruption 
o Inadequate training in the use and application of new system., 

techniques and machines. 

After gatherinr; and '\nalyzing an abundance of ~ata, the coalition 
recommended five distinct requiremP.nts to reduce the negative factors list•j 
above. These five requirements were identified and discussed under: 

o Hu~n Resource Planning 
o System Development and Human Resource Integration 
o Training 
o Sta~!"ing 

o Employee Relations. 

Each of these five areas were broken down further into coalition 
recommendations for overcoming resistance to implementing the FoF. Their 
recommendations are part of Section 3.0 and Appendix E of the System 
Requirements Document. 

Materials Management - The importance of Materials Management was based 
upon two factors: 

o Control and distribution of the resources used in the production and 
product support activities 

o Material costs which represent a substantial portion of the investaent 
in the finished product. 

To be fully responsive to the FoF needs, Materials Management must provide 
the right facilities, materials or components in the desired quantity and 
quality, in the right amount, at the right time, in the right place and at 
reasonable cost. The coalition established two requirements for suc~essful 
Materials Management; (1) the acquisition of resources, and (2) the planning 
and control of those resources. 

Successful resource acquisition requirements demand establishing 
procedures for the effective selection of vendors, suppliers and 
subcontractors through: 

o Establishing a system for coding materials 
o Establishing an automated historical data base for vendors, suppliers 

and subcontractors 
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o Katabllshins an &utomated pur.-c·haso ol"der and requiaition •r•t-
o Developin~ a mechaniam ~lth a common data exehant• format to provide 

dir.-ect communication with ~andors, suppliers and subcontractors 
o Establishing procedures that p~ovide versatile production facilities 

with flexible equipment. 

The Plannin~ and Control of resour.-ces will mean pr.-oviding tools and 
proceljures to improve tl.c devttlcpment of Material Management plana that perait 
in real-time: 

0 

0 

0 

0 

0 

Deter.-mJ.natlon of total material requirements 
Deter.-mination of material availability and cost 
Determination of subcontracted item availability 
Consideration of "what if" factors 
Establishment of procedures for more efficient. use of resources by 
developing: 

Improved scheduling techniques 
More effective means of controllin& inventory 
Procedures and mechanisms to support integrated Material Management 
between various factory functions. 

Financial Kansgerncnt - Financial Management consists of activities which 
involve: money or assets, means of evaluating alternatives, ~nd comparins 
perfonnance to improve the profitability of the Enterprise. Althour,h a key 
goal of the FoF is to r.-educe costs/prices and increa~e pr.-ofits, this is simply 
one aspect of the business operational cycle. The other goals deal with 
remaining in and acquiring new business. 

Unfortunately, in the Factory of Today, the main financial emphasis has 
been focused on short-term profitability rather than on long-term 
pt·ofitability. Additionally, our current financial structure is predicated on 
a style which matches & theoretical framework rather than the actual 
operations and proces:;cs nee~ed to pr.-oduce the product. As a result, our 
cur~ent financial models neither reflect accurately on conditions, no~ do they 
support long range planning for corporate development. 

The coalition outlined five requirements which should be the goals of 
Financial Management in the FoF. 

o The accurate and timely colleetion, sto~age and manipulation of 
financial data 

o Tools and techniques for accurately forecasting and estimating 
financial trends 

o Tools and techniques for expanding financial analysis 

o Tools and techniques for more accurate, timely and efficient general 
accounting procedures 
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o Tools and techniques fot· efficient management of cash ancS all other 
resources. 

In addition to theae five goalG, a reorientation will be required to place 
financial information in its prop~r perspective as an important, but not all 
controlling, input for Enterprise decisions. 

3.2.3 Detail Factory of the Future Concepts (WBS 4.2.3) 

Under this task, thP. prioritized performance requirements for the "TO BK" 
Conceptual FoF Framework w~re established. Additionally, the performance 
l"_equirements aasociated with the seven generic needs categories were 
summal"ized. The Conceptual Framework Document and IOEF0 models of the FoF 
were also developed ~nder this task. 

Framework System Specification 

The System Specification Document (SS), SS 110512000, dated 14 October 
1983 (refer to Volume II, Part 5 of the Final Technical Report) was developed 
under this task. An in-depth summary of specific performance req~irements 
deemed essential for integrated aerospace factory operations thl"ough the yeal" 
1995 is presented. This was accomplished by expanding the conceptual 
requirements identified in the Syatem Requirements Docurnent (SRD) with the 
additional descl"iptions of the concepts as they relate to: 

o Functions that are to be perfonned or supported by the concept; 
o Performance characteristics dealing with speed, accuracy, and 

efficiency needed to satisfy the concept; 
o Physical characteristics identifying the hardware, facilities, tools, 

equipment, and ~Aterials needed to support the concept; 
o Operational characteristics dealing with methods, procedures, and 

policies needed to suppo~t the concept; 
o Information characteristics that identified the type of information 

required to satisfy $p•1cific concepts; 
o Interface characteristics tha~ describe who (the user) or what (e.g .• 

an application system) ~ill be affected by the implementation of a 
specific concept; 

o Technology voids that could delay the irop~err~ntation of a concept; 
o The impact en personnel at all levels when a particular concept is 

implemented. 

Continuing with the procedure begun in the NAD these needed performance 
requirements and their associated characteristics were described and orsaniEed 
by Need category. 

3.2.3.1 Establish Factory of the Future System Specification (WBS 4.2.3.1) 
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Information Res~J~ce Msna&eoent - Since, in the final analysis, 
.. nufactut·in& (computer aidea or 111anual) is a series of Lnfor111.11tion procesain& 
steps the coalition dete~ined that the practice and application of 
Information Resou~ce Management concepts is e11sential to the FoF. !van today, 
the trend tova~ds replacin& physical objects (e.g., templates, maater modala) 
vith computer (digitized) modeh to conv11y manufacturing information is finll.l.y 
established. As a result, the rnana&ement and control of information as a 
company resource vis-a-vis individual or departmental resource is esaential. 
To support this critical requirement for the 1995 aerospace enterprise, 
specific conepts (listed belov) and discussed in detail in ··the ss document 
vere presented: 

o Data definition 
o Data structuring 
o Appl~~stion development 
o Communications 
o Decision support 
o Information processin~ 
o Information storage 
o Information application. 

Hanascment of the Factor! - At the factory level, mana&ement issues are 
centered around planning and directin~ company resources, i.e., capital, 
humans, information and time. In ~stablishing our seven major need 
categories, management of information, capital and humans are discusaed 
separately. This need category focuses on the remaining key manag~ent 
requirements relating to: l) time management, 2) resource allocation, and 
3) assuring factory productivity and profitability through the assessment and 
implementation of new technology. These key requirements are conceptually 
described in sections relating to: 

o Integrated scheduling 
o Integrated ~esource allocation 
o Technology asses~ment/implementation. 

Product Definition and Planning - The coalition envisioned that the 
merging of the design and manufacturing planning functions (Product Definition 
Plant\ing) was essential to achieve integrated operations in the FoF. This 
integration vas deemed necessar-y since all manufacturing begins vith design 
(our common data base begins here) and a producible design is mandatory for 
reliable production and product quality. As a result, the merging of these 
activities are paramount for successful ope~ations in the FoF and provide one 
of the most fruitful ac-eas for reducing the time from customer order to 
product delivery. 

Tlte discussion of this key requirement in the SS document evolves around 
concepts fo.r: 
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o Interactive computer eraphics for 
Kodelln& 
SlDJlation 
Standard informat.ion exchange 

o The application of Group Technology 
o Automated Process Planning 
o A common data base 
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Product Assurance - Assurance of product quality will require control and 
coordination at all levels of the aerospace enterprise through 1995, since 
se&ments of the quality function are inherent in all phases of factory 
operations. Achievement of this obj~:ctive will require the implementation of 
total quality assurance. The coalition established the following concepts 
centered around total quality assu~ance: 

0 

0 

0 

0 

0 

Design quality into the product - do not rely on the inspection and 
rejection of defective parts, do it right the first time 
Improved inspection processes 
Improved control of manufacturing processes 
Integration of quality assurance information with all factory activities 
On-line/real-time configuration management procedures. 

Human Resource Management - The transition from the factory of today to 
the FoF was recognized by the coalition QS a path that was bounded by 
technological as well as human relation pitfalls. In consequence, numerous 
concepts for enhancing lruman Resource Management (HRH) in the FoF were 
developed. These concepts are built around the following HRH considerations: 

o Consideration of Human Resource requirements in long range strategic 
planning 

o Continuous monitoring of technological innovation to assess its impact 
on human resources at all levels of the organization - shop floor to 
front office 

o Developing strategies for training current personnel 
o Developing new policies for employees. 

Materials Management - Material costs can represent 5~ or more of total 
weapon system costs. As our aerospace system becomes more sophisticated 
and complex, material costs and the co~t of maintaining inventories can reach 
astronomical levels. As a result, the coalition, in recognizing this 
situation, develop~d concepts for materials management to assure that the 
right materials, facilities, components or subcontracted assemblies are 
available: 1) at reasonable cost, 2) with the desired quality, 3) in the 
needed amount, 4) at the required time, and 5) where needed. To support 
this requiement, specific conepts were developed around: 

o Effective selection of vendors, suppliers and subcontractors 
o Near real-time communications with vendors, supplies and subcontractors 
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o Advanced pl~nnln& for material requir~~ts 
o Control of materials inventory 
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o Establishing production facilities with flexible equipment 
o Control and management of materials at the enterprise level. 

Financial Kanag.;om~~ - Management of finance in the Fol' will be as 
critical as in the Facto~y of Today. However, in the FoF fi~ancial empha•ia 
must shift from p~ofitability in the short run to: profitability in the lon& 
run and what resources musl be expended to remain competitive. In addition, 
the theoretical fran•ew~>rk of factory operations which forms the basis of our 
fi.nancial analy~i~ technique9 mu9t be changed to meet actual operational 
conditions. This implies a shift from financial measurements b~sed upon 
direct· touch labor (now approximately 10~ of our workforce) to financial 
measurements that reflect the time costs of people, operations, and processes 
required to produce the product. 

To support this financial management approa~h. concepts were established 
to support the: 

o Accurate and timely collection, storage and manipulation of financial 
data 

o Accurate forecasting and estimating of financial trends 
o Development of tools and techniques for dynamic financial analysis 
o Improvement of general accounting procedures 
o Efficient financial measurernent and analysis 

3.2.3.2 Task B, Establish Factory of the Future Conceptual Framework 
(WBS 4.2.3.2) 

The coalition prepared IDEF0 moc.'lels of the "TO BE" Conceptual Framevurlc 
which addressed the needs and improvement concepts identified in the Heeds 
Analysis Document, System Requirements Document, and System Specification. 
These models were con·alated with the existing ICAH Architectures (i.e., 
KFG0, DES0 end QA/QC0) in Section 6.0 of the Conceptual Framework document. 

Initially, the coalition envisioned a set of detailed fu~cti~n modela to 
describe the 1995 aerospace factory. This vision was not realized 88 the 
extensive scope of the Task B effort precluded the detailin& ori&inally 
envisioned. At the root of the problem was the seneric nature of the 
functions and concepts, which, while ideal to form 8 basis for syutem d•aisn 
were not specific enough to permit a consistent viewpoint for detailed 
modeling below the second level. 

To counteract this lack of a consistent viewpoint, the coalition attempted 
to model the FoF ~otith different viewpoints as reflected by the seven needs 
categories, i.e., Information Resource Management, Product Assurance, etc. 
There is an extensive incomplete set of working IDEF0 models as a result. 
This approach was dropped when it became apparent that ita time conaumins, 
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complex effort nature wot1ld prohibit corupletin~ thA remainin& task efforts. 
As a result of this uncompleted attempt •t detailed modelins of the For, the 
coalition concluded that detailed models would be more appropriate when 
addressin~ specific factories vis-a-vis a teneric factory. That is it would 
be easier to hold a consistent viewpoint for the FoF model of a Vought Aero 
Products Division or a GD/FW. 

3.2.3.3 Analyze Factory Fr~mP.work Centers and Subsystems Interactions 
(WBS 4.2.3.3) 

The Conceptual Framework Document (KMR110512000), provides a detailed 
discussion on the Conceptual Framework the reader is referred to volume II, 
Part 6 of the Final Technical Report. 

lr. the Conceptual Framework Document, an approach for achieving 
computer-integrated manufacturing through the 1995 time frame rs presented. 
First, the aerospace enterprise (factory) is presented as a total system, its 
soals are reviewed, its operating environment is discussed, its principles of 
operation are defined, its functions arc described, and its major components 
are identified. Second, the major factory components are discussed from a 
physical view (people, production tools and equipment, facilities, and 
computer communication networks) and from a logical view (the enterprise 
common data base and the logical processes used to manipulate 
data/information). Major components of the FoF system were presented from a 
physical and logical view to: 

o CUrb the current practice of addressing the FoF in terms of specific 
applications (capabilities) e.g., HRP I and II, CAD/CAM, flexible 
machining, integrated sheet metal center, group technology, etc. These 
are but specific applicaHons of technology and evolve over time, e.s., 
KRP I became KRP II, NC now consists of CNC and DNC, etc. The total 
view of the facto.ry especially the FoF, is much larger than individual 
appli~ations. It is the integration of these capabilities that 
determ~.ne the FoF system. 

o Stress that the factory is more than an accumulation of physical 
resources used to produce product. These physical resources (people, 
product tools, equipment, and the information processing communication 
network) are vital - yet by then~elves they cannot produce a product. 
It is human reasoning (logic) developin& specific capabilities 
(procedures and techniques) to achieve a goal (e.g., build part, build 
assembly) and the transfer of these procedures and techniques as 
information to integrate the operations of the physical components that 
is the second essential element. This is the 95~ of manufacturing 
operations related to data processing that is cited by autho~ities 
(e.g., James F. Lardner and Joseph Harrington, Jr.). 
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o Shift the embeddea traditional thousht process of equat.ina factory to 
·abop floor. We, the coalition. want the factory to be thought of in 
terms of the total enterprise net the 5~ represented by the shop floor. 

Third, this document deacri~a through 1995, an integrated aeroapace 
enterprise composed of specific operation centers that support all the 
func.tions identified in the Conceptual framework. 

3.3 Establish Intesrated CompQ!ite Cen~er Conceptual Requirements Task C 

The purpose of Task C vas to establish preliminary designs and 
specifications for o computer-aided cotr,posites manufacturing center that 
integrates all activities required to produce composite components for small 
and large aircraft structures in an automated "paperless" factory. An outline 
of the WBS items used to accomplish Task C is shovn in Figure 3-10. 
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Figure 3-10. Task C Objectives by WBS 
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3. 3.1 Establ~sh Int.e&rate~ Composites Center Scope {loi"BS 4. 3 .1) 

'l'he statement-of-work specified that the Contractor eslablish'the scope of 
the Integrated ComposHes Center within the environment of current "AS IS" 
m2nufacturing. The scopo wa~ to include listings, together vith textual 
descriptions, of all functions and information entities within the 
Architecture of Manufacturing whether perfot~d by, interactin~ vith, created 
by, or utilized by the Integrated Composites Center, (see Table 3-1 and 3-2). 

The resulting scopin~ document was constructed to be in accordance vith 
ICAK Doc~~entation Standards and to reflect the areas of the function and 
information models of manufacturing referred to as KFGI and MFG1 (see Table 
3-3). The scope also contains the highest level function diagram (A-0) (see 
Figure 3-11) .of the integrated composites purpose and viewpoint plus, at a 
minimum, the first level decomposition of the model (A-0). 

These requirements were documented in the Scoplng Document (SD), SD 
110511000 which vas submitted to the Air Force on 30 June 1982 and 
subsequently published. {Refer to Volume III, part 1 of the Final Technical 
Report). 

The statement-of-work also required the Contractor to evaluate existing 
and future composites hardware production goals tor both fighter and 
bomber/transport-type aircraft. Predictions were to be made of all possible 
aircraft structures in the 1981-1991 timeframe. Ranges of production vere to 
be predicted and the kinds and numbers (quantities) of composite structures to 
be fabricated vere to be estimated. 

3.3.2 Establish Needs Analysis (WBS 4.3.2) 

The Heeds Analysis task was undertaken to form a baseline for the 
conceptual and preliminary designs of the Integrated Composites Center. 
Deficiencies were identified and methodology and technology improvements to 
correct those deficiencies we:~ investigated. The coalition also: 

o Identified the desired extent of the interaction of composites 
manufacturing vith design engineering. 

o Explored existing end desired performance measures of factory 
management level systems and shop floor control level processes. 

3.3.2.1 Background 

Structures produced from composite materials are part of virtually every 
modern military and commercial aircraft flying today. These materials have. 
revolutionized the entire airframe industry and their use will continue to 
increase. 
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Table 3-1. Envi~onment of ICC Conceptual Desi&n 

Design/Manufacturing functions 

I 
Planning end 

Materials Processes Tooling Techniques Control 

Type Fabrication 

I 
Materials Testing Methodt!S yatems 

-- ----- ------ --- ---------------
Fiberglass Hand layup Composites Ultrasonic Process Plannirlii 

Kevlar Robotics Metal:ic Radiographic Production 

Graphitelst Tapa layup Ceramic Visual Ordering 

Boron Spray Up Elastomeric Audio Scheduling 

Others Pultrude ··wash Out .. Shop loading 

Matrix 
Blow mold Salt Mandrels Performance 

Automatic Collapsible Mea!lurerT..,t ---
Polymide Broadgoods Rubber Material St~ge 

Epoxy layup Bladder Bags Inventory 

Metal Menage~nt 

Others Transfer Parts/Tool ----
Hand Control Track in~ rr.-:::lcing 

Form 
---

Robotics Inspection Trend Analysis Work-in-Proc.ss 
--
Tape Flip Calibration Material Review Tracing 

Broad goods Flying Carpet I&R Control Soard System Inspection Racords 

Filaments/ I Vacuum Config Mgmt Testing Equipment 

Tows Corrective Quality 

Woven Cure 
--- Action System Procedures 

Mat Autoclave Cost Analysis Scrap/Rework 

Oven Analysis 

Condition Air ----- Scheduling Test lnspo~ctioo 

Prep reg Rework 
and Evaluation 

Dry Assemb~ 
Repair 

Approach 

Bond Inspection 
Analysis 

Material Drill/Fasten Management 

_Sampling Inserts Methods 

Procedures Cocure Variance Analysis 

Techniques 
Methods 

Trend Data Equipmont Improvement 
------- Numerical Cootrol 

Equipment Inspection 
location Maintenance 

Data 

Service 
Process Software 

Calibration 
ManufacturingJ 

Design Cost 
Troda-Offs 
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table 3-2. Physical Functions of the ICC 

Design composite parts 
Develop quality assurance plnns for composites 
Develop and produce tooling for con1posites 
Receive and inspect incoming raw materials 
Receive and inspect detail parts (from other Centers) 
Clean and prepare detail parts 
Dispense raw n.aterialn 
Cut plies 
Kit plies 
Kit detail parts and plies 
Orient, position and &tack plies 
Debulk laminat".l 
Inspect uncured laminate 
Form laminate 
Place laminate on curing tool 
Bag, leak check, and inspect 
Cure 
Trim end drill laminate 
Inspect laminate 
Prefit subassembly details 
Join laminates and details 
Inspect and prepare curing tools 
Inspect completed structures 
Rework and l'epair discrepant structures 
Move and store kits, parts and tools 

F'l'R110510000U 
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Initiate inspection recorda (for historical records and trend analysis) 

table 3-3. Integrated Composite Center Functions 

Architecture Node Function Title 

MFG A-ll Manage Product 
DES Al Develop Conceptual Design 
DES A2 Develop. Preliminary Design 
DES A3 Develop Detail Design 
MFG Al Plan For Manufacture 
MFG A2 Make &. Administer Schedules and Budgets 
MFG A3 Plan Production 
MFG A4 Provide Production Resources 
MFG A5 Obtain Manufacturing Materials 
MFG A6 Prodt1ce Product 
QA Al Develop ~uality Requirements 
QA A2 Prepare Quality Plan 
QA A3 Provide QA/QC Resources 
QA A4 Implement Quality Plan 
QA A5. Evaluate QA/ QC Effectiveness 
MFG A-14 Provide For Product Logistics 
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Despite their increased use, composite structures are still being produced 
in a very inefficient {labor-intensive) manner, particularly in Guch areas au: 
laminatin&, bagging, trim-ond-drilling, production flow, etc. Wot only is 
this c major problem for curt'ent production pro&raJ!\S but, as the rate and 
complexity of composi~es production increases, the requirement for automate~ 
production, planning an~ control, and quality assurance becomes criticaL 

3.3.2.2 Requirements 

The taslc was to identify major needs (perceived deficiencies) that 
impacted the fabrication and subassembly of composites struc~ures and could be 
alleviated through application of new technology or changes in operational 
methodology. These results wo•Jld then be used to forn a baseline for 
developing the conceptual and preliminary designs for the Integrated 
Composites Center. Additionally, the degree of ~esign/manufacturing 
interaction was to be analyzed and recommendations made as to integration of 
these two functional activities. Performance measures for factory level 
planning, scheduling, controlling, QA/QC and shop floor control were to be 
investigated, analyzed and recon~nded. 

Thus, the first step taken by the coalition was to identify the lcey areas 
needing improvement and the second step was to analyze these areas in terms of 
cost/performance and human factors. Next, the identified needs in the "AS IS" 
factory were prioritized by a subje~tive rating system as follows: 

0 Improved laminating techniques 
0 Improved bagging materials and techniques 
0 Improved "up front" design, manufacturing, QA interface 
0 Improved curing procedures 
0 Improved material and material forms 
0 Better tooling 
0 QA/QC, HDT improvements and enhancements 
0 Human factors 
0 Trim and drill enhancements 
0 Material handling, material kitting 
0 Manufacturing planning and control 
0 Shop floor control 
0 lntegral structures 
0 Aumoate~ design tools. 

These primary needs at'e discussed in the following paragraphs. 

3.3.2.2.1 Improved Laminatins Techniques 

An immediate need in the aerospace community is to improve laminating 
techniques which are predominantly labor-intensive and time consuming. There 
WPre a few exceptions to this method Where production facilitiee used 
tape-laying machines or industrial robots for laminating. However, even with 
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Despite thoir in~re~~ed uae, composite atruclurua are still beins produced 
in a very lr.efflciont (labor-intensive) ~nner, particularly in such areas •• 
laminatins, b~ot&ir.f., trim-and-ddlline. product.ion flow, etc. Hot only h 
t.his a majol." probl.eu: fer c•.u·::-ent production pror,rams but, as the rate and 
cot:lpl.exity of compo:~iit<!f.l production increases. the requirement for auto11111ted 
production, planl\i<l~ till'\ control, ~nd ctuality assurance becomes critical. 

3 . 3. 2. 2 !lequ i t'i'!l"llenb 

The task was to i~entify n~jor needs (perceived defielencies) that 
::-c~act~d the ft>bric,,t ion and subassembl.y of composites structures and could be 
_, ~ Leviated through .-.ppli:ation of new technolo~y or changes in operational 
:-:~<-t.hoClolo&y. These re:;;ults would then be usE;d to fonn a baseline for 
J~veloping the conceptual and preliminary ~esi&ns for the Integrated 
Con:posii:.es Centel·. Additionally, thi!! degree of design/manufacturing 
inlet·action was to he analyzed and C'ecommendations made as to integration cf 
th~se two functional activities. PeC'formanee measuros for factory l~vel 
plannw&, schedulin~. contC'ollin~. QA/~ and shop floor control were to be 
iT'vl•s t isateod, ana lyz;ed and recommended. 

Thus, the fit·st step taken by the coalition was to identify the key areas 
n~eding ~mprovement and the second step was to analyze these areas in te~ of 
costfperfonnance and human factors. Next, the identified needs in the '"AS 1~"' 

factory were prio~itized by a subjective ratios system as follows: 

o !~roved laminatin& techni~ues 
o Impro:ed baggin~ materials and t.echniques 
o Improved "up front" design, manufacturing, QA interface 
o Improved curing procedures 
o lmp~oved mdterial and mAterial forms 
o Better tooling 
o QAIQC, NOT improvemer.ts and enhancements 
o Human factor.s 
o Tt'im and drill enhancements 
o Material hsndling, mat~rial kitting 
o Kanufactut'ing planning and control 
o Shop floor control 
o Integral structures 
o Aumoated design tools. 

These primary needs are discussed in the following paragraphs . 

3.3.2.2.1 Improved Laminating Techniques 

An immediate need in the aer.ospate community is to imp~cve laminatint 
techniques which are p~edominantly labor-intensive and time consuming. There 
WeC'e a few exceptions to this method where production facilities used 
tape-laying machines or industrial robots for laminating. Hovev~r. even vith 
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· tb .. e automat~.~ laminating teehniquas, tho parts bein& fabricktouS were 
essentially flat or only sli&htly contoured, whereas tho next seneration of 
aircraft will use a laq~er pereenta~e of lulinates on conrpl~x curved 
structures, e.r,., winr,s, fuselages and the entire empennase. 

These more co111plex structures will require inct·easingly Gophisticated 
methods of lamina~in&. Automated machines must be able to dispense both 
narrow and wide tapes. A future laminatins cell should be capable of 
automatically la:uinahnr, any typo or size of structure employin~ such 
mechanical devices as tape-lnyint robots, winding techniques, and advanced 
wolding techniques such as pultrusion. Theoretically, this would remove the 
human element from the c~ll - a ~~jor savings in time and cost. 

Debulking, another operation cloaely alir,ned wlth the laminoticn process, 
needs substantial in~rovement. Debulkin& is the process of densifying plies 
durint l~yup. It is usually done by applying pressure to a ~tack of plies 
enclosed in a vacuum bar,. In fabricating relatively thick laminates at the 
p~esent time, a~ many as 10 t~ 15 debulk cycles are required resulting in a 
substantial cost increase. 

A need to eliminate debullcing for all· flat laminates was identified to 
greatly reduce the number of cycles for complexly-contoured laminates. Thu5, 
the need for the debulking process must be established. If there is a 
definite need for dcbulking. then improved debul~ing techniques ~st be 
developed ta minimize the cost of this procedure. 

3.3.2.2.2 lm2£2Yo1 Bassin& Materials and Techniques 

Current baggL.f procedures are labor-intensive and require constant 
monitoring and chP.cKing. ~«o bagging methods are presently used: (1) a 
disposable nylon bag, and (2) a reuRJble rubber bag. These bar,s provide •n 
air-tight membrane from which a vacuum can be pulled. 

Disposable bags must be continually checked for leaks. They do not 
conform well to complex laminates. As a result, blown bag& are common dur~ng 
the curing of complex laminates . 

Reusable rubber bags can be recycled through a finite number of cure 
cycles before they degrade. They are tailored to conform to the confituration 
of tho lamination. They are less prone to leaks and, as more presvure is 
applied in the autoclave, the bag seal becomes tighter which eliminater 
peel-back. 

If the requirement to bag parts for curing continues, the~e will bo a need 
to improve current bag&ing tcctmiques. Reuse able rubber ba@;s wi 11 speed the 
actual bagging p~ocess. allowing it to be automated. This will reduco bag&in& 
hou~s, the numbe~ of s~rapped parts due to leaks and blown bass and will 
p~oduce cost savings due to the lower life cycle costs of reusable bags. 
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3.3.2.2.3 Improved "Up Front" D~~ig.n Hanufactudr.a..&...OA !nht'fece 

Ae nac:h ae 90'1. of the commitment of funch: fCJt' new eirct'aft syetems are 
made during the design phase of a n~w pt'ogt'am. By the time production is 
initiated, toolin&, manufactut"ing, and facilities costs at"e lockt!d in. To 
impact these costs, f~asibla dcsi&n nlte~atives, manufactut'ing appt'oaches and 
matet'ial systems will have to be evaluatt.•d at the conceptual stage. 

This could be done by having accessibility to a "~lobal" data b~.k of 
infornation containinc a manufactudr:~ cost/d•·.;.ign guide, a structut'al 
composites fabt'ication guide and an advanced composites design guide. 
Analyses of this data would en:.:ut'e that new pt'ograms take ·full advantage of 
the learnin~ that has tai<!f.'n place on existing and pt'i.ot' pt'ograms as well as 
vat'ious advancements in t'eseat'ch tmd dev~:lopnwnt. 

3.3.2.2.4 lmpt'oved Curing Procedure~ 

Heeds which r•!quit'e impt'ovemcnt in the area of component composite curin& 
include: 

o A method to monitot' and contt'ol ir.-pt'oce~s anomalies. A feedback loop 
is needed to eliminate sct'ap due to bad cut'es and voids ft'om the 
entt'apment of sas bubbles. 

0 Development of an aut~matic autoclave loading system. This would 
reduce amounts tied-up in ca~ital requit'ements, lowet' opet'ating costs, 
and possibly pet'mit recycling of pct'ishables, i.e., nitt'ogen ot" hot ait'. 

o ~ method of reducing to!al cut'ing time, tempet'atut'e and pt'essut'e. A 
possibility exists in impt'OVed, quick-CUt'e t'esin systems as Well as 
innovative curing techniques such as mict'owave and t'adio ft'equency. 

3.3.2.2.5 Improved t-1a':eriaJ an~ Material .Fonns 

Although ·thet'e are risks associated with intt'oducing new matet'ial systems 
into on-going pt'oduction progt'ams, the coalition tentatively established the 
requit'l!ments fo;; composite matet'i.als as follows: 

o Simple-to-pt'ocess Ot"gqnic matrix t'esins 
o Toughet' matt'ix matet'ial with gt'eatet' impact t'esistance 
o Kot'e environmentally stable matet'ials 
o Koistut'e-t'esistant (2SO• - 300° F curing) tough t'esin systems for 

subsonic militat'y ait'ct'aft 
o Gt'eatet' thermal ~tability fot' the 3Sv• F cut'e system fot' fightet' 

o Tightet' contt'ol of rnatet'ial tack 
o Longet', Ot" unlimited, out-time without t'efriget'ation 
o Increased testing and chat'actet'ization of thet'moplastics 
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o Lower fiber and r~sln matrix costs 
o Higher temperature resin eystema 
o Continued dcvelopl'lent of hy,rid composites 
o Development of calf-adhesive material systems 
o Continued investi~ation into radar-absorbing materials 
o Tighter control of resin/fiber content by the vendor 
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o Development cf Bn experimentally generated data base in composite 
materials maintainability and Held repair 

o Continued wodt on "whislcer" composites 
0 lnvesti~ation into resin~ with thermal stability in the 350• - soo• , 

ran~e with high strain-to-failure ratios, i.e., bismaleimides, 
polyimides, etc. 

o . Investigation of methods to allow the aerospace community more control 
over all composite material processing. This might entail the industry 
becoming vertically integrated or the posslble development of 
intermediaries to provide first and second-sta&e processing on material 
before it is passed on to the end-user. 

At the present time, there is a pressing need to investigate the dichotomy 
that exists between maintaining the existing inte~industry segregated 
stl"Uct.ure and embracing a vertical integration structure. The following 
questions must be answered in deciding whether to integrate other related 
production operations into an existing corporate structure. 

o Can present facilities be used or are new facilities required? 

o Are thet"• sufficient financial and capital resources available to 
either build or acquire existing companies? 

o What new ma~ogcment talents and technical skills are needed to 
integrate with minimum interruption? 

o Is therP. a way of inc~easing competition within today's traditional 
relationship? 

o If vertical integration occurs, will it result in the production of an 
excess quantity of goods which must be disposed? 

o How sensitive is the community to raw material processing? 

o Would re~tlations re&arding monopolies and restraint of trade be a 
problem? 

3.3.2.2.6 Better Tooling 

Needs to improve composite tooling to meet future requirements and 
alleviate exist:ng bottlenecks include: 
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o Tooling that is durable, dimcnsior~ll7 stable, leak-p~oof and 
inexpensive 

o Tools Mbased" on mathen.atical lbOdels, in conjuncticm with CAD/CAM 
interface, to produce exact repli~ates 

o Tools designed to accommodate reusable bagu which have built-in 
integral therr.~ocouple sen&m·s, integral ventin&, built-in d8llls and 
other required i.nstruu.en.tr.~tion 

o Tools with a surface finish that minimizes preparation time for layup 
and allowr: ·easy removal of the cured component 

o Enhanced tool repairability 

o Methods to automatically move, store and control tools based on their 
sequence of use. 

3.3.2.2.7 QA/QC/NDT Improvements and Enhancements 

The current approach to quality assurance/quality control and 
non-destructive testing is often redundant, time-consuming, labor-intensive 
and costly. The following problems are linked with QA/QC engineering and 
planning. 

o Not being able to collectively assess the effect of defects 
o Not being able to determine exactly what is critical to the stn1ctural 

integrity of the part or component 
o Not being able to relax the current requirement for 10~ inspection 
o Not being able to relax the demand for perfect composite parts (never a 

requirement for metallic parts). 

In their analyses, the coalition identified the followin~ needs which were 
required to enhance inspection procedures. 

o Streamline the NOT process by developing statistical data analysis 
techniques based on destructive testing of scrap parts 

o Newer, quicker procedures to inspect the wing/fuselage interface, i.e., 
bolted joints in composite structures 

o Reduce dependence of human interpretation of x-rays through automated 
video-enhancement technique~ 

o A computer-integrated ultr~sonics inspection system. 

3.3.2.2.8 Human Factors 

The "AS IS" factory environment for composite fabrication is extremely 
labor-intensive except for those computer-driven systems which automatically 
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eut preprea broadsooda end the eompoFite fwbrieatora that employ a~tomatie 
tape layers. One othor e~ception ir autoclave curint Which is computer­
cont~olled but manually loadc6 and monitored. 

There is a need to overcome g~neral personnel probl~ms such as: low 
morale; falling productivity; ne~ative job satisfaction; int~rporaor.al 

conflicts; job stross and overlapping or duplication of effort. To improve 
the motivational gode of ~loyees, the following sug&estions were offered: 

o Educating personnel to th~ t?ffects of automation 
o Developing positive progra~s to overcome the natural resistance to 

change 
o Realistically defining goals and objcctiven of the organization and 

communicatin~ them to all employees 
o Establishing ~n effe-cti•1e t·ecruiting, training, development program 
o Constantly reaffirming the or~anization•s objectives 
o Continually evaluatin~ the activities of thB organization in relation 

to its people and the external environment. 

3.3.2.2.9 Trim and Drill Enhancements 

The current approach to trimming, drilling, eountersinkin& and reaming is 
predominantly labor-oriented and physically hazardous. What is needed to 
enhance these operations is to: 

o Reduce the number of detail parts by design 
o Reduce the requirements for fasteners by using bonded joints 
o Develop the proper equipment with the right speeds and feeds 
o Reduce or eliminate inspection procedures 
o Automate both drilling and trimming operations 
o Fabricate parts "net" to reduce tri~m~ing 
o Investigate new m£tho.:!r. of cutt!ng and trimming 
o cut-in or mold-in holes during la~ination. 

3.3.2.2.10 Material Handling Material Kitting 

Because most of the work in material handling and material kitting is 
hand-labor, an integrated system that provides for the storase and transfer of 
all materials and tools used in the fabrication process is needed. Emphanis 
:i1ould be concentrated on developing: 

o An effective autoclave loading and unloading system 
o An automated st.orage and retrieval system for movement of prepreg 

material, in or out of the freeZet' 
o A system to move, store and control the layup/bonding tools within the 

production center 
o An effective means of moving large plies or parts in or out of the 

layup fixture 
o A "hands-off" system to effectively conduct non-destructive evaluation 

when employin& of x-ray or C-scan. 
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It is possible that this inte~C"atod rraaterial handling system could be 
married to a sophi.sti.·:~tcJ kitting contC"ol system which would maintain the 
work-in-process inventory withl.n the ft•eezer. 

3.3.2.2.11 Hanufacturinz. Plannine;. and Control 

Since composite n~nufacturing is a flow process, it is incumbent on 
manAgement to develop and implement C"ealistic and cost-effective planning and 
cont-rol mechanisms. There is a p:·es!iin~ need foC" automated systems that could 
C"elieve the curC"cnt OC"· potrntially "Gtl"ained" production plannin~ and contC"ol 
mechanisms. These :;yr':ems should havo the capability of: 

o Reducing the amount of paper &ensrated in today's factoC"y 
o Hanloading the shop 
o FUrnishing c:un·ent composite wo::-k instructions, components and tools 

and be able to report shortages 
o Tracking work performed and identifying any anomalies 
o Providing schedules that detail aC"rival time, start time and completion 

dates of detail parts and subaasemblies 

3.3.2.2.12 Shop Floor Control 

Current shop floor control systems can be summarized as factol"y-hour data 
collection and job tt·aclcing systems. Their inability to effectively control 
and plan the dynamic aspects of comr•osites manufacturing is a major 
shortcoming. This shortcoming can be attributed to the following: 

0 

0 

0 

0 

0 

0 

0 

0 

CUrrent systems do not measut"e performance at a low enough level to be 
effective in pLanning the actual work content and flow time 
The collected data is often not available in an accurate and timely 
manner 
All of the necessat"y •csources needed to pC"oduce composite parts are 
not controlled by the same system 
The Ghop floor control systems are poorly integrated with the other 
factory systems 
These systems do not provide a data base for storing and rett"ioving all 
of the production info~ation needed and generated in the manufacturing 
process 
Current systems are inadequate in terms of decision support information 
for production management 
"AS IS" systems, because they are intended to support factory-wide 
operations, are difficult to change to support the unique needs of 
composites manufacturin& 
Despite the semiautomated pt"oduction control systems in use, shop floor 
contl"ol is still extremely labor-intensive. 
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3.3.2.2.13 Int~&ral Structures 

fo"TR110510000U 
29 .June 198<\ 

The coalition found that cu~~ent thinkin& on integral structur~s in the 
composite community is cente~ed around two major ideas: 1) ways to reduce 
costs of composite pa~ts, iind 2) the development of innovative design· 
concepts which can u~e composite materials. One of the most ~evolutionary· 
aspects of composite rr~nufacturing is the idea of buildins assemblies as 
opposed to building detail pat·ts and subsequP.ntly assembling. them. 

lloweve~, to incr-ease the rate product ion of lar&e integral- 'composite 
st~sctures, technolocic~l improvP.ments are needed in the following areas: 

o Cocuring of structu~al components with confidence 
o Rapid inspection of complex structures 
o Quickly, ~eliably, and inexpcn5ively producing contoured and formed 

l:lminates 
o Repair and/or rework of integral structures to co~rect manufacturing 

defect~ and/or field damage 
o Designing and building foolproof toolin& for cocured structures 
o Movement, storing, and curin& of larr,e complex structures 
o P~oduclion of flat laminates automatica~ly 
o Fo~tion of flat laminates 
o Production of structural stiffeners at rate 
o Effective inte~ration of the design ~equirements with the automated 

production capability to achieve optimum perfo~nce/cost tradeoffs. 

3.3.2.2.14 ~utomated Design Tool~ 

At present, there n~eds to be sn automated method of translating st~ess 
and loads data requir•?ments inlo laminate designs. Because the manufacturing 
environment is r.volving, cost drivers are constantly changing in priority and 
magnitude. As a result, the tendency is to design a part based upon current 
manufacturing techniques. This may be the single largest inhibitor to 
productivity improvements in composites manufacturing. F~om this, two major 
needs arise; 1) the need for a ve~y close contact between cc.mposite part 
deuigners and manufacturing technologists, and 2) the need for an accurate, 
timely and easy-to-usP. means of accessing cost t~adeoff data a~d analytical 
tools. 

The ability to predicate designs on the .. TO BE" versus "AS IS" 
manufacturinr, methods will be a ma.j.J~ d~iver in the development and 
implementation of new technology. Five basic needs were found in the area of 
computer-aid£·n design and its interaction with manufacturing'and quality 
assurance. 

o There must be the capability to design a compound-contoured composite 
structure in three dimensions and automatically extract flat patten• 
layouts for each ply (automatically translate 3-D to 2-D). 
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o The 3-D design ll•o~al cust be dinctly t.ranshttable into quality 
assurance inspection criteria t.o sup;>ot"t the aut.:lf,oated and 
semiautomated insp~ction of composite structures ~nd to aid in the 
objective disposition of non-conforming part3. 

o The 3-D and 2-D ~esi&n mQdel ~Jst bn directly translatable into control 
commands to drive automated manufacturin& and inspection equipment such 
as robots, tape lay,t:'s, cutt.ers, nesting systems, ultrasonic and X-ray 
devices and ~Aterinl handlint equipment. 

o The design model and its par~nt models (for its nP.xt higher assr.mbly) 
must be available fur, and used to, desisn, coordinate, and manufaclure 
all tooling and ch~ck fixturf!S for both the fabC'ication and assembly of 
cotnposite structurP.s and their installation on the ait·craft. 

o The design model and associated rarts list data must be directly 
translated into rnanufactudng process plans with minimal human 
intervention. 

3.3.2.3 Prioritized Needs 

The needs, as described throughout this paragraph (3.3.2), are a 
synthesization of the needs of Vought, Northrop and Cener3l Dynamics. 
However, the prior it iznt ion of "needs" at any stage of a reseat·ch and 
development program is extremely risky. To estimate potential benefits 
presumes that current real needs have been identified and conceptual solutions 
ean be scheduled developed and implemented. It also presumes these solutions 
are correct and cost~effective. 

There are two methQds by which the!le needs could be prioritized. The 
first method was that the needs could be measured cordially, that is the 
product of the difference between two measu~ements. The second method would 
be to measure ordinally, that is to rank the needs ~n a purely subjective 
basis. The coalition used the subjective method because they felt that it 
yielded &realer credibility, especially considering the "global" investisative 
approach which they took to arrive at th~ needs. 

These prioritized needs and their rationale can be found in Section 3.0 of 
the Needs Analysis Document (NAD), NAD110511000 publis~ed 30 April 1982. 
Appendix A, Appendix B and Appendix C of this same document defines the Heeds 
of IJorthrop, Vought and G~neral Dynamics. respccti.vely. 

3.3.3 Complete Current Practice Undet·standi.!!&__(WBS 4.3.11 

A System Environment Document (SED), SED110511000, (refer to Volume III) 
was prepared in accordance with paragraph 4.3.3 of the Statement-of-~ork and 
submitted to the Air r'orce on 31 May 1982. This document described the 
activities and information necess~ry to produce composite airframe structures 
in the current aerospace enviro~~ent. 
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The activity mo.1els J<!velt.~pcd by tt.u coalition were ba10ed ·on factory-view 
roodels used ~y Morthrop, Vour.ht .:nd C•mera 1 Dyna~ics. They reflect a 
composith, ~ :.;· .. ··.~·~-1Linr, procr.s:; frot<\ which r,eneric activity t11odels w~re 
developed. 

Subsequent to developing these composite/generic models, the coalition 
visited the composite production facilities of McDonnell Dou~las and Gru!m\.Bn. 
ln general, Grumman's actual production operations differed sli~htly from 
.those of the coal '•.ion's. Any dt;.m.ficant differences were due lar~ely to th.e 
manner in which the physical manufaduring functions were performed and in the 
naming of conventions for informational entities. 

3.3.3.1 Facilities 

At Vought and G~ner~t Dp1amics, fa~ilities for composite structure 
production arc an integral pJrl of the total manufacturing plant. At 
Northrop, a single facility encomv1ssing more than 320,000 square feet is 
dedicated to cornvos i tc st t-uct ure m<wufac turing. The floor layout of this 
Center is shown in Figure 3-12. 

Composite fabrication is chanlcteristically a flow-type manufacturing 
process that peoduces a r~>lativ£'ly small number of end-items to support 
assembly line requirements. At Northrop, for the F/A-leA aircraft, nearly 
2,300 pounds of graphite are used in the 28 graphite composite subassemblies 
which consist of approximatPly 60 composite details. 

Vought's manufacturing P.fforl is primarily dedicated to fiberglass/epoxy 
composites, Kevlar and ~t·aph ite compos itcs in doors, elevators, rudders, 
spHrs, ~ibs, ~tc. on the Boeing 747, 157 and 767 programs. 

'l'he facilities at Gener·al. Dyn;;mics c:1n pt·oduce approximately 800 pounds of 
COJ•tposite laminates p;,ch month." Eighty percent of this capaci ly is achi~ved 
tht·ough autom,JtPd tap•· laying machines; the t·emaining 20 percent is produced 
by hand. Prir,ary constitu~nt:; of these composite laminates include graphite 
and fiberglasc fibers for the horizontal and v~rtical stabilizer skins of the 
F-~6. 

The fabrication of composite parts can be categorized into three basic 
types of end products-details, cocut·ed assemblies, and mechanically fastened 
ca=o;emblies. Composite dct.::il manufacturing diffet·s from cocut·cd and 
mechanl.c:!lly fa<::t..,ucd assf'mbly oper·g:..;."'ns in that the end- item resulting from 
composite det..til ma11ufacturing ber.ome~ a component of the other two 
processes. Th•' major difference b.~twcen the cocut"ed assembly operation and 
the mechanically faste.,cd opf'rat ion is that in the cocured process, hard parts 
at·e autoclaveJ cured to fonn a bonded subassembly. In the mechanically 
fastened proc·~~;s, "bonding" of parts is accomplished by manually fastening· 
components. 
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3.3.3.3 Materials 

nR1105lOOOOU 
29 June 1984 

, "~· "Prep~e& material incluoer. both ur.idi.recHonal and woven matet'ial. Tbe 
aatedal could be tapes measvrin& ar: little as 3 inches ln w14tb or bt"oad&oo4s 
!Hasuring up to 60 inches. vought. an•l Genera 1 Dynamics primarily uue" tapes; 
Horthrop uses broadcloth. 

The broadcloth is stored at o•F. It i~ thawed for approximately 16 hours 
before use. It is cut on a Get"bt:!r table. Normally five layet·s of broadcloth 
are laid and cut simultaneously. Besid~s graphite, fiber&lass and adhesive 
broadgoods are also cut by the Gerber. Two computer-controlled Gerber 
reciprocating knife cut tel'S 3("e used. Suf fie ient broadgoods are cut, ltittud 
and stot"ed to normally t:!nsure t.he avail3b~lity of five shipsets at all times. 

The layup operations for detail parts and cocured assemblies entail the 
laying of the bt"oadplies, ply-on-ply, onto the bonding tool for subsequent 
curing. Tape laying machines at"e used by General Dynamics and t'ought; some 
tape layi~g is also done manually. 

The layup is debullted every five plies to compact the ply layet"S and to 
eliminate airpoc~ets. The bagged lar~ is cheeked for leaks at the 
autoclave. Once inside, the~couple wires are attached for comput~r 
monito~ing. After curing, the tools are remo-ed from the autoclave, debagged. 
the part remov~d and the tool cleaned. After being inspected, the part is 
transported to the final aasembly line stockroom. 

3.3.3.~ Infot"mation Model 

'l'wo aggregate diagt"ams t'ep~esenting the architecture of the "AS IS" 
information model developed fot" Task c are presented in Figure 3-13 and 3-1~. 
The first figure desct"ibes the entity and relational classes primarily 
associated with prepat"ing and issuing work authorization packages. The second 
figure describes the stt"Uclut"e of information ~elative to the processes 
associated with r.ompositc parts fabrication. Tak~n together, the two figut"eg 
represent the total ent.ity and ~elational classes of the IDEFl infonnation 
model of Appendix A of the SED dated 3l Hay 1982. 

3.3.3.5 !Q!!0 Activity Model 

The IDEF0 activity model represents the environment of aerospace 
composites manufacturing. It focuses on the t"ecurring production of pa~ts. 
However, it does not attempt to describe ~ of the functions and information 
necessary lo produce composite parts. 

As part of thei~ analysis, the coalition reviewed the ICAK Architecture of 
Design and Manufacturing (DtS0 and KFC0) for theit" applicability to 
composites manufacturing. It was determined that these two architectures 
adequately reflected the functions and infot"mation which were needed to 
manufacture composite parts in the aerospace environment. 
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A c:ontplete, deh\lcd discussion of t.he 10EF0 activity lft04el vlth 
illustrations lc avdlu"nle in tho :.ystt•ms Y.nvironment Document (SED110511000), 
(refer to Volume Ill, Parts JA and 3£i) which was submittl'd to the Air fo'orce 0:1 

31 Kay 1982. 

Usin& the dynamics mod~l ~nd ~imulation results established in the System 
Environment Document. ar. 14 baseline, the coaiilion identified improvement 
opportunities for pc·oduction m<>tho<.l•: no..- in practice. This analysis led to a 
verification of the TH!t~ds id.-ntitif'tl ill the Task C, NE>eds Analysi!l Docul':!flnt. 
Additional needs were identH i•~d duriq·, this study; they a~(' defined 
spacifically in the $ystcMl lh'quir.:orr.ent Document (SRO), SRDllOSllOOO, 
submitted to the Air Force on 31 J~ly 1982 (rJfcr to Volume 111, part 5). 

These improvenwont concept 5 Wt.>rc largely conceptual in nature; nevertheless, they 
were used to &ulde th'l effot·ts of the pro~ ram into 'lt'cas of need vhich 
potentially offered the hi~hest retu:-"n on investment. tl.leds which evolved 
from the analysis completed in thl' tl•:cds Analysis Document wer:-e validated in 
the System Requirement~ Document. 

Requirements, a3 well as any associated t~chnolo&ical voids, •er:-e 
cost-estimated and .eranked, b'lsed on the avail&~ility of !lll r:!sources, the 
projected cost savings and the subjective interpLetation of all data. These 
couc:epts are examined further in para&raph 3.3.6 cf this document.. 

3.3.5 L>efl.ne I~te&t·ated Coftl!'osites Center System Conce~~"BS 4.3.5) 

Current practice~ in composites m~nufact<Jdng '"ere as~essed by sur:"Veyin~ 
the compo:Jite pt·oduction fadliU~s of Northrop Vought, General Dynacics, 
Gt"Umman, McDonnell Dou&las and !:'ell l~elicopter. 

In addition, eq~ipm~nt ~ondors were contac~ed and literature and 
specificatior.s ~~re r:-e~iawed to (•stahlish which needs cou!d be ~atiefied by 
commercially a\'allable te~hnolor;!..cs and equ~pment. Because. of the relative 
n~ess of high str~ngth composites in airframe manufacturin& and tho 
comparatively low pr:-oduction volume and rates currently mcpedenced in the 
aircraft industry for ~omposito parts, it ~as discover:-cd t~a~ lar:-se technol~6Y 
voids exist. 

One ar:-ea of particular:- interest to the coalition ln their state-o'"-tho-a':"t 
in~estigation was the &ulo~aled laminatinE celis a~ Horihrop, Voutht, GenEr•l 
Dynalllics, and Grumman. 1\11 these cells were devei.oped under ~an':-.!t:h 

Production lntt'gt"ation contracts ft·om th.a AFWAL/KLTN with the exception of l'he 
Vought system which w;;s internally funded. 

The fit>dings of t:lti slate-of-the-art invest.ig.ation wcrr· subm.l tted to the 
ICAM PKO for revie:J and COI.'III\tants under r:-eport Ol!mber SAD110~1.Jli,O, 
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State-of -the-Art Ll· ,.._ ·-·~·'-. .. • ., !Ill: C, lnte~ra ted Co,,.- ''>a H es Center Requ i re~~~ents 
ftnd Desi5n, dated Hay lt,~t;.: , •. ·!~:.- t.\i Volume III, Pan. ~. 

3. 3. 6 Produce "TO-BE" !nt_~r_ated C~si tea Ct!nter SyatP-ms h·'"IJJrements 
Doc•~Ant (WBS_4.3.~l 

The SRD (rP.fer to Volume Ill, Part 5} document describes requirements 
which must be fulfilled by thu "TO BE" ICC system. Northrop, Vought and 
General Dynamics each inrHviduiJlly analyzed the requirements needed to improve 
their specific composite pt·o\.luction !>ystt:ms and defined the requirements and 
technologies needed to eluvalo composite~ manufacturing into the 1990 
time-frame. Variou!: rnmposlt<' man•Jfad.u<ing operation:J were grouped or 
clustered l3 visualize how l~ey would interrelate with the entire fabrication 
or subassembly pro.!c<Js. -.rh i1 o t hi 11 met hod mi~ht not be applicable to all 
manufacturing firms, il did servo as a ~oalition standard in the transitioning 
process. The eoalition then ostablished (:er.tain &round rules on which to base 
their assumptions of co~~ositcs manufacturing in the 1990 time-frame - they 
are as follows: 

o The trend to automation will Accelerate in all phases of composite 
fabrication and subassembly 

o The elimination of autoclaves, ovens or similar heat/pressure vessels 
is hi&hly unlikely 

o The major composite material wiil be graphite/epoxy with 2so• and 3so•r 
cure profiles 

o Nondestructive Evaluation will n~t disappear nor bo greatly reduced, 
especially for pri~~ry structures 

o The demand for composites will continue to grow at an anticipated 35~ 
annua 1 l"a tc~ 

o Sint:~ the aerc:pace community i:; committed to compositf!s, the necessary 
resource~ will be provided to develop the lo&ical primary snd support 
systen.a. 

Using these groundr~lcs as a baseline, the followtng paragraphs describe 
the specific perfo~"l!lllnce requiremt.;nts to be satisfi~d by the "TO BE" system. 

Present automated laminating technique~ are for parts that are essentially 
flat or only slightly contoured. The nPxt-generation aircraft will require. 
compc.sltt: matN·ials for' major .>econdary ar.d primary structures such as wings, 
fuseJ.&gos und the entit·e empennage structure. Thin will require mol·e advanced 
m~thods of laminatin& cavable of forming complex contours and of dispensing 
both narrow an~ wide tapes. 
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Latt•inat i.n£ is lh•· process by vhich a compos itt" detail part or structur•l 
co~~ponl'nt h iabricat,1dlfon:11ed by J>lacin& or builcHn&-up one lamina (a ain&l• 
ply or fiber) superlmpos~d on another until the required ~ensity i• achieved. 
Composite hminatinr, r~quirements includ~: 

o The capability lo accoiT'ItiOdate vadous composite material forms 
o The ability to P.mploy t~e~~ forms to fabricate components vithout size 

constraint~. notwith~tandint. de5ign, curing and nondestructive 
evaluation 

o An automated storage and rctri~val mechanism to be used in conjunction 
vith a full-up, rPal- time invtmtory management system for both rav 
materials and work- in- pt·oces::. 

o Automolic, computer driw·n cuttinr, of compo~ite materi~ls that consists 
ot one or all of th .. follovin& ml'thods: 

La&er 
Waterj~t 

Gerber reciprocatinr, knife 
Steel culc c1ie:: 

o Sophlsticate1 nesting, id~ntification/labelin£ and kitting systems to 
maximi7.e efficiency and cost-effectiveness of these automated cuttin£ 
techniques 

o Low co:;t, automated, in-process inspection procedures, !luc:h as on-line 
video inspection based on some type of accept-reject criteria. 

Filament windillg i:; a laminatin~ technique nov being given considerable 
study. Its most common applications at present are in conical/cylindrical 
confi~uration~ and for rotor blades and dr~vesh~fts of roto-wlng aircraft. 
The following requirements are needed to enhance pr~sent filament winding 
capability. 

o Providt· cumplex shape capability in manucel design 11nd fabrication 

o Solidify mar.hine motion technology (hydt·aulic versuiJ electronic~) 

o tncrea~e mi•:roproce~sor capabi 1 it ies to handle n myriad of wind in& 
motion:; 

o Control with diagno::tic capabilities 

o Remoto local ion prognlr.1!11 i nr. 

o Acceleration of hybridization of composites 
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o Design of parls Uuit can b~ fi h:uent wound. 

3.3.6.3 fYltrusion 

Pultn.asion is a quasi-laminating pt·ocedut"e which is the composite 
equivalent of the metallic e'C:ln.asi.on pt"oc:ess. This pt"ocess h pt"esently best 
suited for pt"oducir.r; lo~o~-cost, con:~tant, c:t"osa-saction stn.aclut"al shap('s. To 
e~epand the role of pultnu::ion in r:v.nufacturin&, the following requirements 
must be fulfilled: 

o Standat"dhation of :>ln.actut"a L ~hapes and stiffenint elements 

o The capability lo "pull" and cut"e concave/convex shapes with and 
rithout constant cross-sections 

o The acceptance of random flbt>t" location within the cured component. 

3.3.6.4 Bralolin& 

Braiding is a laminating t~chnique which had ita foundation in the textile 
industt"y. Tho requit"ementa to enhance t,his pt"ocesu at"e: 

o Better' matet"ials in te~s of consistent bt"aid ~atterns and contt"ol of 
fiberG to pt"ohibit twislin~ 

o lfon- tacldng prepreg tows 

o ~et rr.rin/fiber braidin&. 

Centrifut 11 casting is used to fsbriLdte cylindrical shap~s. These are 
molding techniques that could lend thPmselves to the production of 
aerospace-quality components, depending on the stt"Uctural integrity which must 
bQ maintained and include: 

o Inject ion molding 

o Comprt rslon molding 

o Resin •ransfer moluing. 

Batting i·; t"equ·•t"ed when the cut"e of the laminate takes pin ; an 
autoclave or >ven. The ~ntit"e bat~ing process is extt"emely la:. tntenQive, 
especially wh"n disposable ba&s at"e usrad. The requirements fot" ba&&in& durin& 
au toe 18ve op£'1'-itions i.n the "TO BK" Inte&l·~&tod Compoalt.aa cerater include: 
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o Develot ment of lo~t- eoot, t"f'uublo ba&IJ that are lmpe1-...i.i()Ue to ut.dx 
volatilf)s 

o Elimination or t•r.l1uction of inspection "buy-offs" 

o Design >f pn<cut (.:On~u111111Jbl*'o; 

o Automat lon of entire ba~t;ins optH·ation 

o Development of ~pt:cial i:.:eJ bat;t,ing procedurec to achieve consistency 

Desitn analy!li!l m·•st be made early enough in tho product life cycle to 
ensure that new pror,t··•ms talce full advantar.c of cY.istlng production pro5rams 
and various research .md development efforts which have been undertaken 
bet~teen pt·oduction prugr·ams. This t•equirement CO\lld be satisfied by autoated 
data collection techniques and reporting methods and a meanu of effectively 
accesoin& and n~trievint,; this information. Specific system requirements would 
include: 

o An increase in the use of computer-aided desitra (CAD) and 
computer-aided manufacturing (C~~) 

o 'l'he integration of CAO/CAH and computer- aided testing and inspection 

o Usc of computer graphics to design aircraft, provide 3-D modeling, 
on-screfln testing and video flight simulation 

o The development of a common data pool directly accessibl.e to structural 
analysts, desitn enginee~s. NC programmers, inapeetion and cost analysts 

o The use of solid modeling to identify sucla variables as vol-;Jme and 
center of gravity 

o 1'he standardizution and computerization of process planning ~tith 
built-in quality control m.anufacturint engineerint data check 

u Hardware/softw~~e compatibility with defined procedures 

o Group technology support system structut·e 

o Inte&rated communications flow between desi&n, manufacturing and 
quality. 
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To affect the transition from the "AS tS" to tho "TO Bt::"' condition, the 
followinr; reqtJiremcnts fot· both the autocliwc and non-autoclave cures must. be 
me.l. 

o lmplement a cost- effective, computet·ized method to monitor and control 
the curing process with the ability to i(.entify in-process anomalies 
and a f~edback loop for co~rectlve ~ction 

o Reduce the uumbcr of cure profiles by 50't. 

o Cang-lo-Jd discrete curin~ fixtures on a "r.uastcr" fixture in the 
autocla1e sta~ing area 

o Recycle the heal llnd precsure that is vented off upon compleHon of the 
cure to reduce recurring C?sts of autoclave operation 

o Develop a queuin& system for autoclave staging and Joa~ing 

o lncrease use and acccptanco.of cocuring 

o t.Jevelop a method for lamina/re~in matedal characterization coupled 
with time/pressure/temperature sensing during curing. 

Ot~r curing techniques will require: 

o For thermal expansion moldin&, tighter control of the pressure between 
the rubber mandrels, more accurate c&lculation of thennal expansion, 
and tighter- control of temperalut·e profile 

o ~·or matched.metal dies, more cost-effective dies with fast.er heat-up 
and cool-down capabilities 

o For pultrusiqn, since the requirement is for dies configured to produce 
pultrusions of varying cross-sections, a "staged" cudnr. system may be 
11eeded 

o for oven curin&. the t·equi.n~ments are the same as for the autoclave. 

3.3.6.9 Requirements fot· Composite Ha~rials 

To reduce the risks associated wilh introducin& new composite materials 
lntJ on!~ing production pro&rams, the requirements are: 

o Fllture or!anic matrix resins that are easier to procP.ss 

o Tougher Matrix ~terial with greater resistance to impact 
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o More environmental st~bli 1 ity, i.e.., low ll\Oi::.t.ut•e absot'Ptlon 

o Mobture resistant (Joo• to JSO .. curinr,) tou&h resin for subsonic 
n~ll1 tary transpor-ts 

o Ti&hter control of n~t~rial tack 

o Longer or unli~ited out-time; no r~friteration required 

o Increased tr-stin~ and ~hnr:1ctcd~<~tiou of ther1110plastics 

o Low fiber and resin matdx cosls 

o Hi&her temperature rosi.n system 

o Continued devel~pmant ,,f hybrid composites and seli-adhesive material 
system 

o Continued investigation into radar-absorbing ~terials 

o Ti&hter control of resin/fiber content by vendor 

o Development of an expedmentally generated data base on composite 
material maintainability and field repair 

o Continued work on Whicker composites 

o Investi&ations into resins with thcnnal stability in the 350• to soo•y 
ran&e with high strain· to-failure ratios 

o In-house co•~osite prepreg 11\.ilnufactut"in~ facilities. 

3. \,6.10 Requirements for Composi!.!!_Toclin& 

System requirements for toolin~ or composite materials, pr·~dic.:ated on the 
autoclave as the eurin& medium, include: 

o Development of new materials or the improvement of existing materials 
that will produce tools that are durable, (minimum of 500 cu~e cycles) 
dimensionally stable, lealc.-proof and inexpensive 

o Tools able to accommodate l·eusable bags with instrui!W'!ntat ion· to 
identify in-procc!Os curing anomalies 

o Tools with a surface finiuh that would require minimum time in the tool 
pr~paration station and allow £or easy removal of the cured component 
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o Tooh \!~::.-lved from :natheiUHcal models used in conjunetlon with CAD/CAM 
to produce t-xact replicates 

o Jaekin& studs us~d in the tool Gubwtructure to provide adjustable 
contO\jl':l in the curing, fi.xt.OJre 

o Tooh with locatio& devices to ~nsure the correct location of the 
laainatc and to prevent lamir~te movement. 

Table )-l tllusll·ah·!l several toolinr. 11\atedal comp<lrisons. 

3.3.6.11 illlt~ta Requirements for Qu.3Hty Assurance and Control 

The aystem requirements for quality assurancetaual~ty control in the 
"TO 81- enviro~nt are: 

o Cradua\ elimination of human interpretation of the various NDT 
evaluat lon techniques 

o Eli~in-atlon of in-process quality inspection in layup by establishin& 
repeat abllity and standardization throu&h automation 

o On-Hn•llreal-time video insp~ction techniques 

o Use of non-film radio&raphy 

o Ditita· computer enhancements of radio&raphs and fluoroscopic techniques 

o Proc.d are• to inspect the wint/fu~ela&e interface 

o Abt.llt:i to inspect ar.~ prove the acceptabil.ity of parts pdor to cure 

o The UV·' of 3-0, photogz:-amm\ll:.t'ie or othez:- ot"thographic video inspe-ction 
tec:hni•tues tQ tru~tch the c'>mpleted component with a computez:-graphic 
reprea•·nlation of lhe. engine<?.t"ing design 

o ElllrpM••• on vi<teo inspection techniques 

o Develc1'-.nt of tUl-Standat"ds tor composite materials. 

Th~ sy!t•~ requir••ments for HIJt".ar. factors in the "TO BE" Integrated 
C~mposite Ctmto•r are: 

o Adequate profc~sional develop~nt for both managers and non-managers 

3-57 



I 

Material 

Cast 
Ceramic 

Silicone 
Rubber 

Steel 

Iron or 
Nickel 
( l::lectroform) 

High·Temp 
Gr/Epoxy 
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Teble 3 ~ Toolint Material Co.parlsona 

Advantages Disadvantages 
.................... --+----------------------------; 

o Very !table o Incompatible thermal 
1 

o Can be used for self· 
hP.atil"~ too!:. 

o Limited shape restrictions 
o Transmits pressure readily 
o Cheap for duplicate tooling 

o Dimensionally stable with 
temperature excursion 

o Compatible coefficent of 
thermal expansion 

o Mold surface obto..ined 
directly from Nc 
program 

o Provides hard surface, 
damage tolerant 

o Can be brake formed 

o Compatible thermal 
expansiOn 

o Good heat- up rate 
o DimensiOnally stable 
o Hard jig pack-up points 

o Good heat·up rate 
o Rapid tool fabrication 
o Dimensional stable Cor 

cures up to 2~0° 
o Tooling hard points 

provided 
o Compatible thermal 

expansion 
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expKnsion 1 
o Model and splash required , 
o Chips easily 
o Slow heat· up rate. unless 

!'>ei f ·heft ted 
o Difficult to drill after 

being cast 

o Pressure hard to control 
o Loses dimensional stability 

with repeat~ use 
o Model needed/design 

critical 
Not for skins 

High tool weight I 0
0 

I 
o Slow machining 
o Slow heatup rate 

o Expf.'nsive 
o Build plaster model to 

obtain contour 
0 Lack or plating capacity 

of the tool manufactures I 
o Tool degrades at 350° cure 1 

cycles 1 
o Durability problem 

1 
o Requires pl'lster model 

i 
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to ehanse 

Increased eolli"Qltment to timoly dhs~~tml.natlon of information 

lncorporatin~ ~PY principles of quality circles, quality of work life 
and participativ~ ~~na&ement into the facto~ 

Development of &n attitude chsn~o by manasement acknowledsins that 
today•s workforce is more sophi3ticated and better educated than 
previous &en~rations 

Development of rcwat"d systems placins $111pluuah on lon&-ranse strate&ic 
plannint 

An all-encompassinz, proz.ram to develop t.he c0111putor literacy of both 
manasers and non-managers 

o Tralnin& in new composite systema via the computer. or other 
state-of-the-art equipment. 

3.3.6.13 Reguiramants for Trirnmin& and Drillin£ of Composites 

The system requirements for the tril!l and drill module in the ''TO BE'' 
lntesrated Composites Center are:: 

o To train COIIPOSite stn.aetures designers to employ the unique 
aero-elastic properties of composite materials ana actually desiz.n to 
reduce the number of detail parts 

o To reduce t.he number of fasteners by developing confidence in bonded 
joints 

o To introduce auto=ation into the ddllins and trill'llling ",••rations 

o To fabricate laminates to their "neat" confizurat.lon 

o To implement cuttin& tool on~ coolant technolo&y tt' avoid short tool 
life, delamination& and heat build-up 

o To automate in-proeesa inspection pro:edure• 

o T~ develop low-cost tria and drill fixtures 

o To impl.ment advance~ optical control of waterjet euttln~ systems. 
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'::.:.ft.:z,~,. .. ,,.,,3.,3 ·.~).:.~,:;!~.~\em tteg_~li:'!?~P_rill!...1..or ~'~t!..'\1;-ia 1 ~an_d,~ift~tiX._i tt i!!&.. ,N~)X~~4,:r,~,:~•;,~._~;·: ~~''\ .. · 'ji!:~· 
f The future requi.rf'ment for material handHntlkittins is for a "~ .. ~>It~ 

computer controlled, intc&rated handlinr, system that provides for the 
tt'aclcin&. ~torate and tt·ansfer of the composite matttrial OAnd rP.lated 
consumables as well as for the layup toolslbondinr, fixture:. used in tho 
fabrlcatlon process. This would e•Jec,mpass: 

o A low-cost. eft•·cti~e autoclave/oven loadin& and unloadin& system 

o An automatcll st·>t·a~e o~nd retrieval systHI to move prepre& taat.flrial, 
killed cr not, in and out of the freezer 

o A·means for quic'kly movin& kitted tnatuial to the larJP area 

o Automated techniques to mo~e and control the layup/bondin& fixtures 
within the production center 

o A cost-effer.tivc technique to move larr,e plies or parts ftither into, or 
out of, the layup fi l(ture 

o Material handling systems to provide for a "hands off"' approach to VOE 
using x-ray and C- scan techniques 

o Inler,ration of the material handlinr, system with the shop floor control 
system to maintain and control work-in-process inventory. 

3.3.6.15 Requirements for a Kanufacturin& Plannin& and C~ntrol System 

The following rcquirem£>nts rraJsl be implemented in the "TO B!"' 
HaoJfacturing Planning and Control System: 

o A system to keep pL·oduction cycles at optimum, i.e., aaximh:e use of 
scarce t"Psource!:' 

o l'rovisiou for a reduction in lead times 

o P'Urnishin& correct composite work instructions packages ~ria sequential 
3-D models in CRTs 

o Greater flexihi lity in infonnation tat her in~, digesting, and 
dissemination to re.duce the amount of paper generated in composite 
production 

o Provide real time status of planni~ versus actuals with inventory. '··' :c_j 
control (both raw material and ~~tork- in-proct>ss) to maintain production·~: -
sch&dules antl ceducc inventory costs 
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o ·Real-time status r~portin& on composite facility capability, aachi~g 
status, load status for support p~oducts and non confo .. ~nca trftnds. 

The COftlPOAitcs .:enter ~st be oc-tanized in a hierarchical runner- by 
ctandardizin& detail Jesi&ns and devP.loping computer aids for ~nufacturing 
planning and related systP.It\S. The typical levels of hier;~~t•chy are: 

o Cf'nler 

o Cell 

o Station 

o Process 

o Operation. 

Thiu hierarchy must stress flexibility to allow the s~op floor control 
system to function properly and. to evolve toward the automated systns and 
equi~nt being introduced. 

3.3.6.17 InvP.ntorr K~nasemen~ 

The inventory management component of the ICC will have to effectively 
inlt:rface with purchasing and finance for information storage. transfet· ·and 
retrieval. It must maintain inventory levels consistent with production 
requirements and must 1nonitor nnd n~intain the storase location of the 
mat~rial. ThP. invoiced cost of materials ~st be tracked, requisitions issuc4 
and spot lage infonnation record.ed -.nd reported. 

~.3.6.18 Requirements Generation and Order Writ~ 

In the ICC, order writin& and requirements generation are neede~ to plan 
the sequence of production ord~rs from sta~t to completion. Cress 
requi.rements are planned from three months to a year in advancc. of actual 
ralease of orders to the compo~ites center. Net require~nts ~re lhe &ross 
requirements after being adjusted for scrap~ed or lost parts or last minute 
needs. This activity DJSt be able to calculate !t'fhat parts 4rt· neeued, w'hen 
they are needed, h··~ many arc needed and ""t"!at aco:ount they sh•·uld ':P- ch>trged 
to. 
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3.3.6.19 Work-In-Process Control 

·._ .. , 
F"TR110510000U 
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The work-in-process control wi 11 influence the flow of production orders 
through the various work stations to ensure that schedules are met. This 
function will also control the allocation of resources to ensure that they are 
expended efficiently. The work--in process control must meet the following 
requirements: 

o The work 11\USt be controlic1 at each lcvr~l of the hierat· :hy 

o Production orders and rewot"k ord•'rs nwst be scheduled and controlled 
based on priority, need date and resout·re use 

o The workload must be effectively planned at each node of the hierarchy 
to optimize performance 

o Resources must be c-.vailabl(' at each production step 

o Information must be availahlc to determine the schedule and completion 
status of ench production order 

o The system nust manage and control the allocation of al ~ ICC resources 

o The system must requisition raw materials, move orders •.o the material 
handling system and maintain an inventory of all produc'_ion items. 

3.3.6.20 Personnel Management 

The ICC shop floor control sysle1r. must maintain the following personnel 
parameters: 

o Available manpower 

o Proficiency skill levels 

o Training t•equirements 

0 Quality rerformance 

o Job clas~ifications. 

3.3.6.21 Tool Management 

The ICC shop floor control system must monitor and maintain the following 
information on contract tools: 

o CUrrent location and job number 
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o Rework status (estimated completion dale) 

o Engineering change level incot~orated in tool 

o Tool capabilities 

o Physical characteristics 
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o Autoclave history (number of curP. cycl~s undergone estimated remaining 
cure cycles) 

o Cure profile class (for gang loac1ing} 

o Quality history 

o Humber and S·~rial of duplicate tools or potential substitute toots. 

3.3.6.22 Facililie3 Management 

The ICC shop fl >Or c:ontrol system will have to monitor 
maintenance of the physical plant, services and equipment. 
unscheduled outages of vital facilities and equipment must 
they occur, Facilities Management must provide contingency 
interrupt the workflow. 

3.3.6.23 Quality Assurance Management 

anu control the 
Unplanned and 

be minimized. When 
plans so as not to 

To reduce the cost and t.ime requirements of quality funcli ms without 
·reducing credibility, the QA inspection functions n~usl be inb~braled with the 
overall tee production process. 'fhe system must monitor and control the 
allocation of resources, workmanship, confonu.ance to design and the assignment 
of work to the Quality Control inspection stations and the Haterials Review 
Board. 

3.3.6.24 9ueue Management 

Queues will be necessary in the FoF to maintain a smooth work flow and 
minimize unplanned shortages or outages. Queues are desirable to take 
advantage of specific high cost resources su~h as autoclaves and high volume 
resources such as automated ply culling. Th0 major requirement of the Queue 
Management systP.m is to balance schedule requirements. The following queue~ 
will be managed within the lCC: 

o Shop load queue 

o Killed ply queul 

o Killed part queue 
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o Work-in-process queue 

o Autoclave queue 

o Tool maintenance queue 

o Inspection queue 

o Materials ha~dling queue. 

3.3.6.25 Information Management 

HR110510000ll 
2·J June 1984 

Data handling and information processing a~e integral pa~ls of all 
functions within the ICC. The following a~c specific requi~e~ents which must 
be satisfied: 

o Deta that is easy to store and ~et~ieve th~ough automated methods 

o Access to information on a need-to-know basis 

o Data that is ~elated in meaningful ways to avoid the nl'•:essity for 
interpretations and assumptions 

o Data that is accurate and timely 

o Checks to preclude unautho~ized access and to update information 

o A ~esponse time for data ent~y and infor·mation within acceptable 
tolerances 

3.3.6.26 Contingency Management 

A major element in the effective cont~ol of the ICC is the ability to plan 
the workload and ensure that the plan is cat-ried out. The following 
requirements exist for contingency planning and crisis management: 

o Shop load forecasting with a variable time horizon, with a variable 
workload, and with variable resou~cc levels 

o Resource requirements fo~ecast.ing 

o Risk p~ojections 

o Estimated completion dates 

o Determination of slack or overloaded ~esources 

o Critical path determination using actual or simulated \·-'orkloads. 
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3.3.6.27 Integrati?n Management 
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Perhaps the largest contribution the shop floor control system can make to 
the ICC is integrating the various ~ubsystems into ~ unified system to meet 
schedule and cost targets. The requit·~ment must be satisfied to establish a 
common data base structure that integrates and sharP-s all common information, 
including integration with the rnana~ement information data base. Also, all 
production and support system information must be channeled into this common 
data base. 

3.3.6.28 Syst~m Requirements for Int~~ral Structures 

Adopting integral structure composite technology in the a••t·ospacc 
environment would provide substantial ~ost and weight savings in future 
aircraft. The requirements for accelerating this technology into a production 
mode are: 

o A sophisticated, cost-effective technology to layup integral structures 

o Characlerization of mandrel technology to enhance ease of removal 

o Procedures and tools to NDE the completed cure structure 

o Promot• curing mediums other than autoclave 

o Develop in-the-field repair and inspection procedures that are reliable 
and rep•~atable 

o Reduce dsks involved in fabrication, bagging and cocure of the 
stiffen•:rs and skins where faulty layup techniques are involved 

o Develop material handling systema to move large structures 

o Re-evaluate final assembly procedures lo provide for the acceptance of 
large structures thus replacing many individual components. 

3.3.6.29 System RPquirements of Automated Design Tools 

System requirements for automated design tools would be: 

o Enhancements in computer-aided design 

o On--screen testing 

o Hodels for predicting fatigue and damage growth behavior in the 
compul<'t' software 

o Increa:<'d programming and a power base to simulate flight on the CRT 
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o Usc of computer graphics to move away from wire-mesh in.<.~ges into moc·e 
realistic representations of solid objects 

o Establishment of an industry--wide str-uctural composite <'lata pool 
available to design, engineet·ing and cost. 

3.3.6.30 Estimated Cost and Benefits 

Projections of the estimated cost and benefits of a fully •leveloped 
Integrated Composites Center are discussed in paragraphs 3.2 and 3.3 of the 
Systems Requirement Document which wos subnitted to the Air Force on 31 July 
1982. These estimated costs imply that all system requir-ements have bP.en 
identified and correctly defined. However, as in all research work, the data 
is always suspect and subject to continual sc~tinizing and interpr-etations. 
It should be noted that while a fi~ at the beginning of its composite 
programming may be able to achieve considerable savings, another- company, well 
into its program, would probably realize lesser savings. 

3.3.6.31 Requirements Prioritization 

There ar-e two basic techniques used to prioritize or rank the requirements 
discussed in this report. The first method assumes that the requirements can 
be measured carninally, or that measurements can be made which are numerically 
significant. The second approach is that they can be ranked ordinally. This 
latter approach means only that the requirements can be ranked based purely on 
a subjective dete~ination on satisfying a single requirement. For this 
•:-eport, the system L"equirements were ranked using a combination of both 
6;pproaches. The syntems were ranked sequentially as follows: 

o Composite Shop Floor Control System 

o Advancements in Quality Control of Composites 

o Composites: Manufacturing Planning and Contr-ol 

o Composite Materials 

o Tooling for Complete Material Fabrication 

o Integrally Stiffened Composite Structures 

o Composite Bagging Advancements 

o Composib! Laminating 

o Enhancements in the Design/Manufacturing Interface 

o Design "Tools" for Composites 

o Hutll.an Factors. 
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3.3.6.32 Appendices 
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Appendices A, B and C of the Systen.s P.equirement Document of 31 July 1982 
describes in depth the advancement in the control and production of composite 
parts by Northrop, Vought and General D~1amics. Each of these Appendices 
provides views of the System Requirements as seen by each coalition member. 

3.3.7 Preliminary Design SUbplnn (WBS 4.3.7). 

Task E of the Integrated Composites Center, Preliminary Design, outlines 
three major areas of focus ._.hich were incorporated into the System Specifica­
tion which was submitted to the Air Force for approval on 30 Hovember 1982. 
The Preliminary Design Subplan also updated the Master Plen and Schedule for 
each milestone phase, task, and event. 

The first area of focus of the Preliminary Design SUbplan addressed 
general information including approved identification, nomenclaturA, author­
ized abbreviations and purpose of the System Specification. A summary of the 
existing system describing its purpose and function was also provided. T~is 

data supported and enhanced the System Specification. 

The second area of focus provided a compilation of applicable documents 
which includ~d previously developed documentation relating to this project, 
relevant documentation covering related projects and standards or 
specifications required to understand, support and augment the System 
Specification. Terms and abbreviations indigenous to the System Specification 
were listed and defined. 

The third area was the crux of the System Specification. It provided a 
narrative and technical delineation of the system specifications required to 
accomplish the transition from the "AS IS" to tha "'!'0 BE" (&eneration +1) for 
composite manufacturing. 

3.3.8 Task E, Produce Preliminan• Design (WBS 4.3.8) 

Based upon the requirements developed during the Base Program and 
documented in the SRD, Task E the Prelioinary Design (Phase III, Option 2) of 
an ICC was awarded. Figure 3-1~ provides an outline of WBS items used to 
accomplish this task. This desizn included shop floor subsystems, planning 
and control subsystems and a Management Information System. The subsystem 
modules developed as part of the IPS, HC~l AND lOSS projects were included in 
the ICC design as well as the QA/QC results of Task D. 

Three site-specific Preliminary Designs were developed by Northrop, Vought 
and General Dynamics. These designs were oriented toward fighter and 
bomber/transport aircraft. Also, a Preliminary Design of & generic ICC was 
developed by the coalition. This generic ICC, as developed, would be able to 
produce components for both fighter and bomber/transport aircraft. 
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Technology transfer and portability were key design considP.rations. Each 
of the four preliminary designs included system test plans and an estimate of 
the size of parts, part types and production rates which could be expected to 
be produced by these '"TO BE" centers. 

3. 3. 8.1 Refine and D•·tail Requirements (UBS 4. 3. 8 .1) 

The results of this task were described in the System Specification 
Document lSS 110511000) on 30 November 1982 (refer to Volume III, Part 6). 
Its purpose was: to detail the system requirements to the maximum extent 
possible; to assure the reliability and validity of th~ requi~ements; and to 
promote understanding between the use~ and the contractor before initiating 
system design. This ~ystem specification provided for the Il'.a11•1facture of 
aerospace composite detail parts and subassemblies. 
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3.3.8.1.1 Overview of Generic System Specifications -The following is a 
broad overview of the major characteristics of i;he ••to Be" Integrated 
Composites ·center (ICC). The ICC must schedule and control the fabrication 
and subassemuly of structurally ac~eplable composite coroponents for both 
fighter-type and transport-type aircraft. For fighter-type aircraft, this 
means achieving an estimated production rate of 14 to 20 aircraft per month, 
with between 1,500 and 3,000 pounds of flyaway composite material on each 
aircraft. This translates into 10 to 50 percent of the airframe weight, which 
is sufficient to meet existing requirements and future projections. For 
transport-type aircraft, the production rate i~ estimated at between 3 and 5 
aircraft per month with 5,000 to 15,000 pounds of composite material for eoch 
structural airframe. 

However, the ICC may have to process an additional 2~ of material to 
compensate for scheduled and unscheduled over allocation of material that 
occurs during the various stages of the fabrication and subassembly process. 
The size of structures that. the ICC must acco:nmodate will range from doors and 
panels for fighters to wing and empennage components for transport-type 
aircraft. They may be large flat laminates or small subassemblies with 
convoluting lines and surfaces. 

The ICC must have the ability to laminate these structures using 
technologies that employ both broadgoods and tape-laying manufacturing 
approaches. The la~inating cell will employ automated material-cutting 
techniques, as well as filament-winding capabilities, some pultruding of 
constant cross-section shapes, and limited injection-molding capabilities for 
nonstructural clips and brackets. There will be a flat laminating module for 
actual layup or preplying for subsequent forming and ply deposition techniques 
using both robotics and composite technicians. Modules for filament winding, 
pultrusion and injection molding will be present in the laminating cell. 

All primary stn1ctures will be bag~ed and cured in an autoclave. 
Secondary structures may be vacuum bagged and cured in an oven or autoclave. 
Specialized curing vessels such as presses or mated dies will also be 
~available. 

A cell will be available for the trimming and drilling operations 
employing the latest equipment such a~ robots, waterjet cutters and cutting 
tool technology. Trimming and drilling is one of the more physically 
demanding, hazardous, and repetitive operations associated with eo~osite 
fabrication and subassembly. Any contribution made by this cell in reducing 
the amount of human interface will be translated into less stringent OSHA 
requirements and impro~ed safety performance. With proper design and 
manufacturing interface, ~he dependence on the cell could be reduced by laying 
up laminates in near net shapes and molding-in holes. 

Permeating all of these physical processes will be checks made by the 
quality control cell to ensure that the structural integrity ~f the composite 
component is maintained. This would include, but not be limited to, initial 
receiving and inspection on-line, in-process inspection techniques, and 
state-of-the-art nondestructive evaluation and inspection procedures (C-scan, 
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nonfilm radio&raphy, etc.). All would be computer controlled lliith respect to 
part movement and testing procedures. Computer interpretation of test results 
would establish accept/reje~t criteria. Every attempt will be wade within the 
Inte&rated Composites Center to minimize the impact (and thus the cost) of 
quaEty control through the use of st.atistics and the development of 
production processes that maintain pt·o~uct consistency. 

Within the ICC, there will be cells specifically dedicated: to 
subassembly (tlLe joining of composite details with core, stiffeners, or 
metallic detaits); to the reworking of cured laminates or subassemblies that 
have not met specifications; and to tooling preparation, maintenance and minor 
repair. Given the type of activities indigenous to each of these cells, and 
operating under the most optimistic of scenarios, it is still likely that 
these cells will be labor-intensive. 

Tools, materials and composite components will move within the center via 
the automated material-handlin& system. rnis system, as well as the 
activities or physical processes that occur in each of the cells, will be 
directed by the ICC management system. The system will cost-effectively 
manage all resources required to manufacture composite components. 

3.3.8.1.2 Northrop's Intesrated Composites Center- At this stage of 
development, Northrop's "TO BE·' Integrated Composites Center is a logical 
construct cf interrelated subsystems. It will be a largely autonornovs 
operation within the overall framework of Northrop's factory environment. Its 
operation will be coordinated to optimize the overall factory production 
capability. Many factory functions, not unique to cor~osites manufacturing, 
but common to each of the subassembly and/or fabrication centers, :4ill be 
relegated to factory level systems. This will allow the ICC to specialize in 
specific production requirements. 

Because the ICC is seen as a "nP.w" subsystem within a relatively "old" 
factory system, it is probable that the ICC design will require performance 
standards that existing factory level systems cannot adequately support. In 
these cases, specific performance parameters will be established. 

In order to achieve its ICC goals, Northrop has chosen to include the 
production of both large and small aircraft components within its ICC. Its 
design will be based upon both the F-lSA and F-20 production requirements but 
will also include production of a large, transport-type aircraft components 
within its requirements envelope. 

Figure 3-16 shows the major. components of Northrop's Integrated C(1mposi te 
Center. For a complete discussion of Northrop's future plans in developing 
its ICC, refer to Appendix A, of Task C, ICC Requirements and Design System 
Specification Document (SS110511000) which was submitted to the Air Force on 
30 November 1982. 
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3.3.8.1.3 Vou!ht's Intesrated Composites Center Preliminary Desitn -Based on 
the Systems Requirement Document, Vought designed a specialized pro~uction 
system·and physical center for the production of composite parts and 
subassemblies. This system and center will be used as the basis for 
developing Vought's ICC. 

When developing the strategy for the factory level system fr~mework and 
its tie with the center, it must be understood that most functions of 
manufacturing will not ~hange. What ~ill change is the manner in which 
manufacturing operations are planned and conducted, and possibly the sequence 
in which they are accomplished. Some ingredient3 required in the successfui 
development of the ICC will be: Group TecnnolOGY· Direct Numerical Control, 
Robots, CAD/CAH and the use of such le~ding edge technologies as Generative 
Process Planning and 3-D Solid Geo:uetric Modeling. 

At the present time, Vought is committed to the prod~ction of large 
aircraft and helicopter composite components under existing contracts. T,-le 
systems and facilities currently in place will be used as a basis for 
developing Vought's "TO BE" system. These facilities such as the Integrated 
Process System (Figure 3-17) will provide the basis for the automated 
laminating cell and the three autoclave systems presently in place will be 
used as the thermal cycling cell. The centra: factory level Manufacturing 
Cont~ol System will provide the basis for the Shop Floor Control and Planning 
Contt·o1 systems. 

Figure 3-18, the Integrated Composite Center interface, depicts the 
interactions with the Production Control Center and Data Management and 
Manufacturing Control Center as well as between the various cells within the 
ICC. 

For a complete discussion of 'fought's plans for the development of its 
ICC, refer to Appendix D of Task C, ICC U&quirements and Design System 
Specification Document (SS 110511000) which was submitted to the Air Force on 
30 November 1982. 

3.3.8.1.4 General Dynamics Integrated Composites Center Preliminary Design­
The General Dynamics model of the ICC provides the manufacturing capability 
for the production of advanced thermoset and thermoplastic composite 
structures. The center is arranged in a cellular configuration using highly 
automated and totally integrat•~d systems. This cellular configuration lends 
itself to a high degree of syst_em flexibility to facilitate system integration 
and implementation efforts. Figure 3-19 depicts a preliminary all arrangement 
for this center. 

At the present time, existing floor space and facility layout are major 
limiting factors at General Dynamics. It is not certain whether a major 
arrangement of the facility would be cost effective. 

There are also several technological voids such as limited cart 
maneuverability and floor guide paths to direct the carts which must be 
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resolved. Other voids are in the a~ca of Quality Assurance to de~elop visual, 
tactile and thermal sensors to monitor the manufacturing processes. 

Other problem areas which must be resolved before General Dynamics can 
complete its ICC n~deling are: 

o Sensing/scanning devices and chemical characterization techniques to 
reduce mechanical testing requirements 

o Methods to obtain processing viscosities to be used in plastics 
fabrication 

o Improvements in tape-laying methods on concave/convex surfaces and to 
dispense different materials from the same tape-laying machine 

o More research and development is nee1ed in the cure processing of 
advanced nonmetallic materials such as thermoset and tbermopl~stic 
materials. 

For a complete discussion of General Dynamics ICC development model, refer 
to Appendix C of Task C, ICC Requirements and Design System Specification· 
Document {SS 110511000), which was submitted to the Air Force on 30 November 
1982. 

3.3.8.2 Design Inte&rated Composite Center System (WBS 4.3.8.2) 

The System Specification prepared by the coalition outlined seven major 
sections which were subsequently incorporated into the SDS. 

It is obvious that composite structures are still being produced in a very 
inefficient {labor-intensive) manne~. The industry is still in the early 
stages of designing a "TO BE"' integt."ated Factory of the Future relative to 
automated production, production planning and associated material and 
component flow through the shop. 

As the rate and complexity of contposites production increases, the 
requirements for automated production and planning becomes critical. The 
transition into composites will mandate the reduction and eventually the 
elimination of band-labor and semiautomated techniques as they become less 
efficient due to size limitations, production rates, quality problems and cost 
consideration. 

The System Design Specification (SDS), SDS110511000, dated 28 February 
1983, {refer to Volume III, Part 7), preliminary concepts were the result of 
analysis performed for the SRD, the feedback from the System Requirement 
Review {SRR) and the elaboration of those requirements presented in the System 
Specification. The SDS addressed bow each requirement of the SS will be 
satisfied. 
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The major system requirements of the SSD have been transformed into 
individual Configuration Items (Cis) representing both cells and systems 
indigenous to the ICC. These Cis, which must be fully developed and exploited 
to conceptually satisfy th~ system requirement~. are: 

o Composite Laminating Cell 
o Composite Bagging Cell 
o ·Composite Curing Cell 
o Composite Trim and Drill Cell 
o Composite Test and :nspection Cell 
o Composite SUbassembly Cell 
o Composite Rework Cell 
o Tool Maintenance Handling System 
o Material Handling System 
o Design/Develop Composite Structure 
o Composite Center Management System 

Thesa cells and systems and their functions are specifically described in 
Section 3.0 of the SDS document of 28 February 1983. 

3.3.8.2.1 ICC u~erview- The ICC must schedule and control the fabrication 
and subassembly of structurally acceptable composit& components for both 
fightet· and transport-type aircraft. The size of the structures will range 
from doors and panels for fighters to wing and empennage components for 
transport-type aircraft. They may be large flat laminates or small 
subassemblies with convoluting surfaces. 

The center will laminate these structures using technologies that employ 
both broadgoods and tape-layins approaches. The laminating cell will employ: 
automated material-cutting tecnniquas; f~lfu~nt-winding capabilities; 
protruding of constant cross-section shapes, and injection-molding 
capabilities for structural clips and brackets. There will be a flat, 
laminating module for actual part layup or preplying for subsequent forming, 
and ply disposition techniques using both robotics and composite 
technologies. Primary structuras will be bagged and cured in an autoclave 
while secondary structures may be vacuum bagged and cured in an oven or 
autoclave. Specialized curing vessels such as presses or mated machined metal 
dies will be available as required. 

A trimming and drilling ~ell using the latest equipment (robots and 
waterjet cutters) and cutting tool ttochnology will be included. With proper 
design/manufacturing interface, the dependence on the cell could be reduced by 
laying up laminates net and molding-in holes. 

The test and inspection cell will make checks to ensure that the 
structural integ~ity of composite components are maintained. This includes 
initial receiving and inspection, on-line in-process inspection techniques, 
and the latest in nondestructive evaluation and inspection procedures (C-scan, 
nonfilm radiography, etc.). All processes would be computer controlled and 
include computer interpretation of test results to establish acceptance or 
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rejection. Every attempt will be made within the Integrated C0111posites Center 
to minimize the impact (and thus the cost) of quslity control through the use 
of statistics, and the ~evelopment of production processes that maintain 
product consistency. 

Within ICC will be cells specifically dedic~ted to subassembly; to the 
reworking of cured laminates or subassemblies that do not meet specifications; 
and to tooling preparation, maintenance and minor repair. Given the type of 
activities indigenous to each of these cells, it is likely that they will be 
labor-intensive. 

Tools, materials and composite components will move within the center via 
the automated material-handling system. This system, &s well as the 
activities or physical processes that occur in each of the cells, will be 
directed by the ICC management system. This system will nwna&e all resources 
re~uired to manufacture composite components. 

The major benefits derived from th~ implementation of the Integrated 
Composites Center are two-fold. The first will be the optimum use of scarce 
resources in terms of facilities, labor, capital equipment, raw materials and 
management acumen to thwart the law of diminishing marginal returns. The 
second will be the production of composite structures that are cost 
competitive in terms of ac~uisition and life-cycle costs. Figure 3-20 shows a 
generic conceptualization of an ICC exhibiting the major Configuration Items. 

o Physical Interfaces - The physical interfaces between the Integrated 
Composites Center and the factory level systems are shown in Figure 
3-21. As can be seen from this diagram, all physical items are 
transported by the intra/intercenter materials handli~g system. In a 
union shop, this division of labor may be mandatory in the current 
environment. 

3.3.8.3 Produce "TO-BE" Integrated Composite Center Models (WBS 4.3.8.3) 

Figure 3-22 shows an ID.EF activity model of the Integrated Composites 
Center. This diagram shows the interrelationships among the eleven 
configuration items which make up the ICC as described in paragraph 3.3.8.2. 
Of special interest in this model are the complex interrelationships among the 
Manage function, the Test and Inspection function, and the Move and store 
function. It is because of these interactions t.hat materials, parts and tools 
are not shown "flowing" from onE< physical process to another. 

3.3.8.3.1 Northrop's Integrated Composites Center - The following paragraphs 
describe the System Design Spe•!ification for llorthrop's "TO BE•• Integrated 
Composites Center system. 

The ICC will be a largely autonomous operation within the overall 
framework of Northrop's factory environment. It will be or.iented toward the 
specific functions and operations necessary to produce composit0 structures. 
Hany factory functions not unique to composites manufacturing, but common to 
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each of the fabrication and/or subassembly centers, will be rele!ated to 
Factory level systems. This will ~llow the ICC to specialize within its 
specific production requirements. To ensure that the ICC does not negatively 
impact the overall factory operations (and t~ ensure that the overall factory 
operation does not negatively impact the ICC), an overall systems framework 
will be established to describe the necessary degree of integration between 
the Northrop factory and the ICC. The specific degree of coupling between the 
systems internal to the ICC (largely oriented to composites manufacturing) and 
the Factory level systems which support the overall factory operation will be 
detailed as the ICC system design natures. Because the ICC is seen as a "new" 
subsystem within a relatively "'old .• Factory system, it is likely that the ICC 
design will require performance that the current factory level systems cannot 
support. In these.cases the specific performance requirement will be 
identified and a means for its satisfaction will be recommended. The specific 
issue of how the ICC will be implemented within the Northrop environment is 
the subject of the ICC Implementation Planning Document. This document will 
be produced as the final product of the Preliminary Design Program. 

o Production Parameters - Northrop plans to become a leading producer of 
aerospace composite structures. To accomplish this goal, Northrop has 
chosen to include both the production of large and small aircraft 
components within its production requirements envelope ~f its ICC. 
Allowing the ICC to be effective for Ft least a decade, possibly longer, 
before major changes are needed. Bec .• ~tse of the uncertainties inherent in 
predicting the future, the ICC design team included flexibility based upon 
continuous trend analyzing supported by expert opinion as a key design 
feature. Northrop's ICC system design is based upon the current F-18A and 
F-20 production requirements as well as possible evolutionary developments 
which could cause these aircraft to evolve into largely composite 
airframes. Furthermore, to improve ICC capabilitiy, Northrop included the 
production of a large transport type aircraft in its ICC requirements 
envelope. 

o ICC Functional Parameters -Northrop's ICC produces airframe composite 
structures according to engineering designs and specifications, 
contractual delivery rates and dates, and approved cost targets. 
Functionally, the "TO BE" ICC is equivalent to the "AS IS" composites 
center in terms of what it must be capable of doing. The differences 
between the "AS IS" and the "TO BE" ICC is in how these functions are 
performed. Through the use of advanced technology and rigorous system 
development methods, the "TO BE" ICC will be designed to: reduce the cost 
of producing composite structures; increase their quality; and provide a 
degree of flexibility impossible to achieve within the current composites 
center. Increased flexibility (which is often difficult to quantify) will 
be manifested in an enhanced ability lo respond, in a cost effective 
manner, to changes in production rates, product mix and material systems. 
One of the key requirements of the ICC is that it be based upon an 
"open-ended'" design. That is, the ICC trust be capable of being expanded 
to satisfy future requirements without causing major obsolescence, high 
cost, undue risk or production interruption. 
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o Physical Parameters - The physital requira~ents of Northrop's ICC will 
become more detailed as.the desi5n prosres5es through the Preliminary and 
Detail Design phases. Production rates and volume requirements will be 
the principal drivers. It is estimated that Northrop's ICC will require 
approximately 350,000 squar.·e feet of floor 5pace·. The use of over.·head 
space for vertical racks, hoists and monorails will provide flexibility 
and allow denser packing of ICC components into the same floor space. 

The current capacity of Northrop Building 905 will support most 
predicted ICC requirements. A possible exception may be the need for ~ 
separate facility to produce very large components for the Large Advanced 
Subsonic Tt'an~port (LAST) aircraft. nt;.s, yet to be desi&ned, aircraft 
may require a 160,000-square-foot facility for the production of an 
integral wing and/or fuselage. It is unlikely that both structures would 
be produced at Northrop due to volume, cost and risk constraints. It is 
assumed that one facility will be needed which can house one or more 
complete wings and/or fuselages. It is also likely that the layup, cure, 
trim and inspection of this structure would be carried out in this 
external facility. The operation of both the ICC (Building 905) and the 
LAST facility (if needed) would be controlled by the ICC control systnm. 
If the LAST facility were geographically distant from the central ICC, a 
subset or copy of the ICC control system could be used to minimize the 
telecommunications costs. 

The ICC will include an environmental control system that will allow 
selected temperature, pressure and humidity ranges to be maintained. ln 
addition, dust and other contaminants must be controlled within the ICC. 
~~ese environmental controls will be controllable to m~et specific 
processing requirements of the various cells and work stations. In 
addition, they will satisfy customer and Mil-spec requirements. 

o Performance Parameters - The ICC must meet future production requirements, 
schedules, cost and quality goals. It can not become the "critical path" 
for producing aircraft nor the constraining element in responding to 
product or production changes. Consequently, following requirements will 
be met: 

o Effective and responsive planning and control of production capacity, 
requirements and status 

o Redundancy, where required, to avoid catastrophic failure of key system 
components 

o Queues, banks and cushions planned and controlled ~o ensure a smooth 
flow of work 

o Avoidance of work flow ddisturbances. 
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Interface Parameters - The ICC must be integrated in two major ways: (1) 
so that each element supports and complements all other system elements, 
and (2) to be an integrat part of an overall factory sys~em. Inte&raticn 
will be accomplished through an integrated control system and through the 
intercell materials handlin& system. 

While the ICC is being designed as an integral part of Northrop's 
Factory operation, it will be considered as a new or "TO BE" system. 
Unfortunately, Northrop's external (to the ICC) Factory systems are not 
new. The design of a "TO BE" center in an "AS IS" Factory is most 
challenging. While it is certain that the Northrop Factory systems will 
evolve over the ICC development time-frame, the exact nature and ~ate of 
this evolutionary process is difficult to ascertain. 

Figure 3-23 shows the relationship ~etweer. the ICC and the Northrop 
factory level systems. 

o Design Constraints - The ICC is designed to produce l!:orthrop's composite 
airframe components. Its design, to a large extent, is constrained by th9 
design of the component parts, the materials selected and the inspection 
requirements as well as the production rates and sche~ules Which are 
levied upon the composites center. The major design constraint is that 
the "TO BE" ICC liP.lst work in Northrop's real-world environment. The "TO 
BE" ICC must produce quality produ:ts at rate, to schedule, and at a 
significantly lower cost and risk than the "AS IS" system. It must also 
be flexible enough to satisfy these requirements for at least 10 years 
without requiring major revisions. 

o Design StrateRY - In the design of t~orthrop' s "TO BE" ICC each function 
required to produc~ composite structures in the current and projected 
future environment has been analyzed. For each function, improvement 
potential was ascertain~d based upon available and soon-to-be available 
methods and techniques. Many improvement concepts imply a substitution of 
mechanized and/or automate~ processes for current human labor-intensive 
operations. These substitutions are desirable for three reasons: 

o Mechanized equipment can produce the same level of output as its human 
counterpart for less cost 

o Mechanized equipment can be controlled more effectively than humans, 
thereby increasing the "quality" of the productive output 

o It may be difficult to find humans who are willing and able to perfo~ 
adequately in some production environments. 

Each ICC function was been analyzed in light of these three factors. The 
appropriate degree of mechanization and automation residen~ in the ICC is 
worthy of analysis. The final decision has yet to be made because this 
analysis is still under way. However, certain design groundrules have been 
established which impacted the System Design Specification. These groundrules 
are: 
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o Mechanization/Automation will be used where the costs and risks clearly 
indicate large cost· savings potential 

o Available equipment, facilities, and tools will be utilized where the 
cost of replacing them (for the purpose of mechanization/automation) 
cannot be justified. 

o Flexibility, reliability, maintainability and safety will be primary 
considerations in the use of mP.chanized/automated equipment and 
processes 

o Mechanization/automation will not be used solely to remove humans from 
composites manufacturing operations except for reasons of health or 
safety 

o Northrop's will remain "a good place to work" for humans; the ICC will 
make it "a better place to work." 

o Quality Assurance Parameter~- Northrop's ICC is being designed to replace 
the "AS IS" composites production center. The quality requirements of the 
"AS IS" system will be imposed upon the "TO BE" ICC. Th.is means that the 
ICC must produce composites structures at quality levels specified by the 
customer, military specifications and the product design. The success of 
the ICC will be measured in terms of how well these standards are met. 
The goal of Northrop's ICC "TO BE" design is to produce acceptable parts 
every time (no scrap) at a total cost which is lower than the "AS IS" 
system. Rework cost goals have bee11 set at 5~ of direct labor hours. The 
effectiveness of the ICC design will be determined by how well these goals 
are met .. 

o ICC Configuration Items - In the factory hierarchy, the ICC is comprised 
of cells, stations, positions, processes and operations. To simplify the 
description of the evolving ICC design, areas which clearly can be 
identified as physical entities will be considered cells, stations and 
positions. Less tangible subsystems which deal with information 
processing or decision-making, which are more logical constructs than 
physical locations, will continue to be called subsystems. 

The distinction between cells and subsystems is made for convenience in 
understanding the ICC design. The actual delineation between the two is 
somewhat arbitrary. Thi~ System Design Specification is focused upon the 
ICC itself (as a system) and its component cells and subsystems. 
Descriptions of stations, modules and equipment will be contained in 
subsequent documents. Figure 3-24 shows the major componP-nts of 
Northrop's ICC. This schematic diagram shows only .najor functional 
elements of the ICC; scale and functional relationships are not shown. 

Appendix A of the System Design Specification (SDSll0511000) of 28 
February 1983 discusses each configuration item independently. Where 
alternative design concepts are introduced, the benefits and drawbacks of 
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each alternative is identified and a selected de3i~n, if found to be 
appropriate, is described. 

3.3.8.3.2 Vought's Integrated Composites CP-nter - Vought, as a major 
aerospace subcontractor, produces a large product mix of fiberglass, Kevlar, 
graphite and hybrid composite parts at variable production rates. To meet the 
requirements of its customers, Vought designed a flexible IGC which could 
fabricate different products at will -- cheaply and in small quantities. The 
functional areas of the ICC are called cells; the interfaces between these 
cells are defined as subsystems to the factory level system. 

In the future, the control stL~cture will consist of a factory which 
manages one or more eells which in turn, manage one or more stations. The 
station may perform one or more operations to accomplish a facto~y objective. 
Figure 3-25 is based on the Factory of the Future concept developed by the 
Task B coalition. It depicts the interaction between centers. Figure 3-2£, 
Produce Composite Structures, depicts the interfacing/interactions between 
centers at the factory level. Figure 3-27 depicts the interfacing/ 
interactions/integrations between the center/cells within the ICC system in 
general. 

o ICC Cells at Vought - The following cells are involved in the ~roduction 
of composite structures at Vought. A complete definition of their 
structure and function can be found in Appendix B, System Design 
Specification (SDS110511000) dated 28 February 1983. 

Manufacturing Engineering and Control Cells. These pFovide the 
technical support av1 control for the ICC; i.e., cost, scheduling, 
developing and manRgement reports. 

o Manufacturing Engineering Composite Cells 
o Manufa,turing Control Composite Cells 

Production Control Composite Cells. These provide for the storage of 
materials and details, kitting of work packages, movement and tracking 
of work packages between cells and the storing and tracking of tools. 

o Manufacturing Requirements and Order Release Control Composite Cell 

o Production Control Composite Storage/Kilting Cell 
Shop order file 
Refrigerate~ material storage area 
Cut ply kit storage/tracking 
Inventory computer terminals 

o Prcduction Control Moving/Tracking Cell 
Work package and material moving 
Automated guided vehicles 
Tool storage and management 
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· Composlta'Pabrication Cells. These receive work packages from· 
production control, fabricate the required parts/details with the aid 
of detailed instructions and forward the completed items to 
Inspection. This is a semiautomated, mechanized system. These cells 
are charged with core fabrication, shaping, forming, potting and 
curing. Other cells within the Ccmposite Fabrication Cells are: 

o Ply cutting cell 
Composite material preparation 
Auto~ted tape laying machine 
Woven fabric laminating stand 
Rapid ply cutter 
Material handling equipment 

o Layup and Assembly Cells 
Laminating 
Pick and place robots 
OVerhead broadgoods dispenser 
Computer terminals 
Local storage oven 
Complex parts forming area 

o Manual Laminating Cell 

o Filament Winding Cell 

o Vacuum Bagging Cell 

o Thermal Cycling Cell 
Autoclave staging area 
Autoclave 
Post-curing ovens 

o Tool Preparation Cell 
Tool teardown end preparation area 

o Trim and Drill Cell 
Automated equipment (robotics) 
Hand controlled waterjet cutters 

o Composite Rework/Repair Cell 

Quality Control InspecHon and Test Cells. Provides inspection for 
incoming material, in-process inspection seLVices for fabrication 
control, non-destructive testing of cured composite components and 
final inspection. 

o QA Material Evaluation and Destructive Test Cell 
CUred laminate test 
Uncured material test 
Chemical characterization 
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o QC Non-Destructive Investigation Cell 
Radiography 
UltC'asonic 
Kar.ual tapping 

o In-Process and Final Inspection 
Shop flo~r inspections 
Automaterl equipment monitors 
Three-dimensional inspection equipment 
Computer-aided records 
Material Review Board 
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o Subsystem Identification -Within the Vought ICC, the functional 
interfaces between centeC's are identified as systems and giv~n unique 
Configuration Item numbers. Subsystems are given lower level numbers 
corresponding to its upper level system. Figure 3-28, Integrated 
Composite Center Control Systems. shows the factory level systems 
interface with the ICC. This interface provides the design strategy to be 
followed when identifying the various configuration items. 

Design/Manufacturing Interface System. Must be defined early enough in 
the production life cycle to ensure a parts definition data base that 
can be readily utilized by manufacturing. Group Technology, Generative 
Process Planninb and 3-D Solid Geometric Modeling will all be major 
factors in the successful development of this data base. Some of the 
design/manufacturinc interface subsystems are: 

o Parts Definition Data Base 
Computer-aided design 
Group Technology 
Generative Process Planning 

- ~!nufacturing Control Svst€m. This system provides the control and 
tracking of the shop orders written and released by the Manufacturing 
Requirements and Order Control Cell. The Manufacturing Control System 
provides a hierarchical cont~ol based on the center-cell-station­
operation organizatjon structure. It allows flexibility and growth in 
the control hierarchy of each individual cent~r. Some of its 
subsystems and parts ace: 

o Composite Center Control 
Composite Data Collection (DACOL) 
HCS Kaster File 
DACOL Card Readers 
MCS Computer Terminals 

o Composite Management Reports 
Daily RcpoC't Computer Programs 
Weekly Report Computer ProcL·ams 
Special Report Computer Programs 
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o Information Storase and Retrieval 
Material Control Interface 
Tool Fabrication and Repair Interface 
Quality Control Interface 
Storage Control Interface 
Product Design/Producibility Analysis 

o Composite Facilities Management 
Maintenance Control 
Work around Plan Development 

o Composite Personnel Management 
Operator Identifications and Information 
Shop Loading 

o Integrated Management 
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Automated and semi-automated support systems 
Coordination and control of overall ICC requirements 

Production Control System. This system determines the ICC 
manufacturing requirements, controls the work-in-process to satisfy 
those requirements, provides the detailed instructions for the 
work-in-process, stocks and controls the materials required for 
processing, and provides the tool 3torage/tracking for component 
fabrication. Some of its subsystems are: 

o Manufacturing requirements 
Part requirement and completion file 
Computerized master schedule 

o Order and Release Control 
Automated order writing 
Detailed instructions 
MOD/change records 

o Storage/Kitting Management 
Automated parts storage and retrieval 
Automated material storage and retrieval 
Automated cut ply kit storage and retrieval 
Perishable material out-time tracking 
Material usage 
Automat~d part moving 
Schedule priority change 

o Tool Storage/Tracking 
Automated tool location/status 
Automated tool storage and retrieval 
Interface with too. fabrication and repair system 
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llaterial Control System. This systUI provides inventory management .and 
control for all materials usgd in the ICC. Il provides a way to 
forecast and control inventory requir~ts and computerized tracking 
of perishable material out-tima and detail parts storage and 
inventory. The major co~onents of this system are: 

o Composite Material Control 
Automated Material Forecasting 
Material Inventory and Usage 

o Perishable Material Tracking and Control 
Bar code readers 
Material out-time tracking 

Tool Fabrication and Repair System. This system Provides the tracking 
and control of new tools bein~ fabricated and tools being 
repaired/updated to be used in the ICC. The system interfaces with 
CAD/CAM to produce replicates derived from mathematical models when 
designing and fabricating new tools. Its subsystem and parts are: 

o Composite Tool Management 
Hew tool status 
Tool repair/update status 

Quality Assurance and Control System. This system provides controls, 
quality requirements and instructions and collects information for 
material& and processes used in the ICC. The system will interface 
with materiels control, in-process inspection and automated equipment 
monitors, inspection and test ~esults, and the KRB. The system will 
provide accept/reject critgria, statistical analy-ses, link with 
computer-aided design and maintain documentation. Some of its 
subsystems are: 

o Composite Material Control 
Computerized control tags 

o Inspection and Test Data Collection 
In-process inspection 
HDI results and records 
KRB results and records 

o Final Inspection Data Collection 
Final Inspection Data 

3.3.8.3.3 General Dynamics Integrated Compogites Center 

General Dynamics str&tegy in structuring its "'rO BE" Integrated Composites 
Center was to design it for the 1990-1995 time-frame with capabilities within 
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the realm of the mid-1980's technolosles. By incorpo~atins the enabling 
technolosies from its past development pro~rams and aggressively filling 
identified technolosical voids. they developed an implementable system with 
enhanced manufacturing ca?abilities. These capabilities with "designed-ln .. 
flexibility will enable General Dynamics to produce cost-effective. 
hi&h-quality weapons systems with composite COIDPonents well into the next 
century. 

The followin& paragraphs summarize the functional characteristics. 
operatins environment and design specific~tions for production equipment and 
support systems envisioned in an ICC at General Dynamics• Fort Worth plant. 
For a more detailed description of this ICC. refer to Appendix c. System 
Design Specification (SDS110511000} dated 28 February 1983. 

A functional description and design specification for the three support 
systems and seven major cells found in the ICC follows. 

o Support Systems - The three support systems common to all cells within the 
ICC are the: 

o Automated Material Handlin& System (AKHS) 
o Automated Quality Assurance System (AQA) 
o Identification and Code Recognition System (ICRS) 

These systems will be integrated through the ICC central computer to 
provide the necessary part transp~rtation. traceability and quality 
assurance for a totally int~grated center. 

AKHS is a computer-controlled transportation system responsible for 
moving and queuing materials. parts and tools throushout the center. 
While there are various automated material handling sy".:ems avail"able 
today. some design modifications will be required to increase their 
flexibility and capabilities. These modifications will include such 
features as improved positioning capabilities and improved load/unload 
capabilities. Major components of this system are: 

o AKHS computer 
o AKHS transportation carts 
o AKHS overhead transport 

The AQA System retrieves. analyzes and stores quality data. Terminal 
sensing devices at specific locations will receive/transmit data to the 
system computer. Developments in sensor technology will be a key elament 
in the AQA system. A means for retrieving real-time quallly data is 
~equired for in-process quality control. Figure 3-29 illustrates the 
functions performed within the ICC and the processing data required to 
support a quality data base. Major components for the AQA System are: 

o AQA comp1Jter 
o Peripheral devices 

Data terminals and CRTs 
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r----------- -----------~ 
I Receiving and lnspecllon I 

• PROCESS SPECIFICATIONS : 

Material Stor•ge 
• INVENTORY MONITOR AND CONTROL 

Fabrication 
• MACtiiNE MONITOR AND CONTROL 

Cure 
• PROCESS MONITOR AND CONTROL 

Inspect 
• MACHINE CONTROL 

Auto Trim and Drill 
• MACHINE MONITOR AND CONTROL 

Shop Floor Control 

• DATA COLLECTIC\N 
• MATERIAL AND PART TRACKING 
• QUALITY CONTROL/QUALITY ASSURANCE 
• PRODUCTION SCHEDULE 

I 
I 

Yi,ure 3-29. GD/FW ICC 
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\' 
,;: 1'he tCR! codes and !.dent if ies materials, parte and tools •• the:y enter tbe' 

ICC and move through the functional c~lls or specialized work stations. The 
aratem will provide the material/part/tool traceability necessary for the 
center. Code 1abelers and reader3 will be distributed throughout the center. 

A bar-type ceding system is envisioned for the center. A pre•ent area of 
concern. in this method ie the labeling material with wbicb the bar code ia 
printed. It must not be deleterious to co=posito materials and must be able 
to withstand the various processes associated with composites manufacturin&. 
Two major components for the ICRS are: 

o ICRS computer 
o Labeler/reader 

Bar code 

o Major Cells - Major cells within the ICC are: 

o Receiving and storage 
o Plastics fabrication 
o Composite laminate fabrication/component build-up 
o CUre process 
o Tool prep and storage 
o Inspection 
o Part drill and rout 

Fig~re 3-30 illustrates the ICC's hierarchical control structure and 
lists specific equipment required for each cell. 

The Receiving and Storage cell provides for the automated storage and 
retrieval of materials and parts within the composites center. Components 
of the cell are: 

o Automated storage and retdevol srstem (AS/HS) 
Refrigerated 
Bon-refrigerated 

o Receiving inspection 
Manual code labeling and reading device 
Data terminal 
Pre-pres analysis 
Adhesive, resin, sealant analysis 
Mechanical destructive test apparatus 

Plastics Fabrication processes include Resin Transfer Holding (RTH) and 
High Performance Thermoplastic Processing (HPTP). Components of this cell are: 

~1 
''-..... 

o RTH 
Resin transfer molding machine 
oven (bate~:-type) 
Stretch forme;: 
Broadgoods spreader 
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J 

0 HP'rP 
.·Oven (continuous feed) 
· Waterjet c:uC.ter 

Stampin& press 
Inductive heating roll 
Thermoplastic pultruaion machine 

o Peripheral devices 
Code reade~ and labeler 
Data terminal and CRT 

Pta110510000U 
2' June 1984. 

The ~~site Laminate Fabrication/Component Build-up celis provide 
automated placement of materials, the build-up of various laminated st~cturea 
and components and the bagging of these structures for eurinr,. Equipment io 
this cell will provide the ea~~oility for plaein& multiple composite materials 
onto flat, concave/convex, cylindrically and elliptically-shaped structures. 
Some components of this ceU nra: 

o Tape layin& machinAs 
Flat layup surface 
Contour layup surface 

o Broadr,oods spreader/cutter 
Automated material disper.se, steel ~le die/hydraulic press 
Filament windin& 
Braiding machine 
Spar/stiffener fabricator 
Component build-up 
o Win& 
o Empennage (vertical stabilizer) 
o Fuselage 
o Air inlet duet 

The CUre Process is performed on thermoset materials. Its function is the 
automated monitorinr,, controlling and recording of the critical materials and 
process variables. Equipment needed for this cell includes: 

o Autoclaves 
Combustion heat, internal air circulation, controlled cooling 

o Ovens 
Batch, combustion heat, double-entry 
Continuous feed, infrared heat, double-entry 

The Tool Preparation and Storate cell is designed for the removal of parts 
from tools, preparation of tools for the next manufacturing sequence ~nd ~he 
storage of tools until needed. Tool preparation involves manual cleanin& 
tasks and automated verification systems. Part removal wi~l be a 
mechanically-aided manual operation. Cou;1onents of this cell are: 
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o Tool Storage and Retrieval 
Automated stora~e and retrieval system 
Code recognitio~ capabilities 

o Tool PrAparation 
Robotic positioning of sensors 
Robots similar to the Cincinnati Hilacron T3 model 
Code recognition 
kutomated tool positioning 

o Tool/Part Separation 
Overhead hoist 
Code recognition 
Data terndnal 
Auto tool tab drill 

Inspection verifies component and structural integrity, dimensional 
accuracy, the locatio~ of structural members ~ithin the component and 
&&certains the quality of 6dhesive bonds and seals. ComponentR of the 
inspection cell are: 

o Peripheral Devices 
Code readers 
Data terminals 
Plotters 

o Tool Fixtures 
Adjustable (auto clamp capabilities) 
Interchangeable 
overhead hoists 

o BDE 
Ultrasonics pulse-echo and through transmission 

Robotic positioned sensors 
Multi-axis part positioners 

X-Rsdiography 
Digital image processing 
Multiple energy techniques 
Stereo fluo~scopy 
Robotic positioned scanner 

Part Drill and Rout. Prepares part!: and co11tponents for inst&llatiota and 
assembly. Developing of end effectors equipped with sensors capable of 
monitoring tool dynamics will eliminate ~ole and edge delamination&. 
Real-time monitoring will also diminish the requirements for a post-drill and 
rout inspection. components of this cell are: 

\• 

\' 

o Peripheral Devices 
Code readers 
Data terminals 
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o Tool Fixture 
Adjustable/interchangeable 
Overhead hoist 
Multi-axis part positionQr 

o Robots 
Hydraulic/De Drive 

Computer controlle~ 
Cincinnati Kilacron Type T3 
Adaptive control 

P'IlUl051000W 
29 .June 1984 

System Integration - System integration fo~ the composites center will 
eventually result from the effective coordination of the teclmologies 
being developed under the .tir Force's ICAH programs. Through these 
technologies, there will evolve an ICC that incorporales planning, control 
and decision support systems with the mana&ement of fabrication, quality 
assurance and materi&l handling/storage processes related to composites 
manufacturing. 

Fi&ure 3-31 portrays a typical enviror~ent Which will exist at General 
Dynamics in the 1990-1995 time-frame. This system is currently in the 
plannin& state. 

o Product Data Base - At present, there is a need for a product data hase 
for nonmetallic part design and manufacture. With the development of this 
data base, there will be automatic generation of: 

0 

Composite designs with incorporated manufacturing restraints 
HC/DHC/CHC programs 
Robotics programs 
Automated process planning 
Automated time standards 

Ccmputer~Based Information System - A computer-based information system 
{CBIS), similar to the one in ICAH 2201, will establish the information 
network for ICC. It is currently envisioned that there will be four tiers 
of information within the CBIS. 

Tier One - central processor at Data Systems Division Central Center 
Tier Two - work center controller (ICC) 
Tier Three - work cell controller (composite laminate fabrication) 
Tier Four - station controller (tape laying machine) 

Each tier will contain those applications and data bases needed to 
control functions at its level. Additionally, within Tiers Three and 
Four, a local area network (LAN) concept will be used where each node, 
consisting of a mini- or micro-computer, within a tier will function 
independently of each other. 
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o Tier One - DSDCC. At this hi~hest level, the central processor will 
coordinate plant wide applications such as: master schedule, inventory 
control, cost accounting, CAD/CAH, process planning and the Management 
~nformation System. 

0 

0 

Tier Two - Work Center. At the Tier Two level, centralized computer 
within the center will coordittate such work center applications as: 
production scheduling, autonate~ material handling, QA scheduling and 
part identification. 

Tier Three - Work Cell. The primary function of Tier Three is shop 
floor control. A Local Area Network {LAN) consisting o-f a network of 
mimi- and micro-computers with the following nodes: receiving and 
storage, plastics fabrication, composite laminate, cure process, part 
drill and rout, and inspection will assign the work scheduled in Tier 
Two to the correct mschine and employee. 

o Tier Four - Station. This tier consists of the machine controller and 
operator stations. The process controller passes information regarding 
the parts to be manufactured. Information is monitored and collected 
automatically on a real-time basis. 

o System Software - The heart of this network configuration will be a data 
dictionary and data base management system. The dictionary will help 
define the points of interface and data requirements. The data base 
management system will coordinate the baekend proeessor. It will require 
a data base server to: 

Coordinate concurrent access to a given file from multiple requestors 
File sorting 
Catalog management 
Archiving 
Index searching 

Improved procedures are need~d to effectively translate system 
requirements into software designs while inte&rating them with other tasks. 

Other systems necessary to implement the Integrated Composite Center are: 

Detail Process Planning Subsystem 
Scheduling and Budgeting System 
Production Planning Control System 
Material Requirements Planning System 
Capacity Requirements Planning System 

Requirement Release System 
Data Collection System 
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o Human Facto~s - User training on the system will be provided as required 
by job classification. Di.-ect users will interface the system for the 
purpose of entering and receiving data. Indirect users will require 
information for planning, forecasting, measuring performance, tracking and 
cost analysis. 

3.3.8.3.4 G~neral gleetric'~ Integrated Composite Center 

At General Electric, the integration of composite production with the 
fabrication and final assembly centers is the responsibility of the factory 
level control centers function. Figure 3-32, Control Centers Environment, 
illustrates how the control centers would evaluate a situation and make the 
necessary schedule adjustments on a problem requiring a change of schedule. 
The control center function is in a position to place the correct priority on 
different aspects of the problem as to its relationship with other problems 
which might coexist. 

This control center has the capability to determine fabrication 
requirements to support schedule changes and to determine any metal parts 
required and to schedule these requirements from the machining center. 

Figure 3-33, Planned Composite Production, shows the planning of orders 
for assemblies and detail parts to be produced in the composite stations. The 
planning activity is performed at the center level. 

A complete definition of General Electric's Plan Comp~1ite Production, 
(Control Composites Planning and Production Control Composite stations) may be 
found in Appendix D, System Design Specification (SDS110511COO) dated 28 
February 1983. 

3.3.8.4 Produce "TO-BE" Integrated Composite Center System (WBS 4.3.8.4) 

In response to Task E, WBS 4. 3. 8. 4 Produce "TO BE"' Integra ted Composite 
Center, the models and analytical results of the ICC Preliminary Design effort 
were compiled and documented in the "TO BE" ICC System Design Specification. 
The quantified benefit parameters of the "TO BE" design were included in this 
document as well as how the definition of this design satisfied the identified 
system requirements. The System Design Specification document also included 
three site specific designs as well as the design of a generic ICC. This WBS 
item was published as report number SDS110511000, entitled System Desi&n 
Specification on 28 February 1983. 
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3.3.8.5 Conceptualize and Document Inte&rated Composite Center System 
Confi&uration (WBS 4.3.8.5) 

This document contains the conccptuatized implementation strategy for the 
lnte&rated Composites Center. It describes the concepts, criteria, standards, 
tools and strate&ies for impl~~~nting th~ system and details specific steps 
necessary to implement this ccmposites technology into new or existing 
production facilities. This Gocument includes implementation plans for a 
generic ICC as well as for the specific sites of Northrop, Vou&ht and General 
Dynamics. -

The Implecentation Strategy Plan a~dresses all of the implementation 
activities and specific steps required for a generic Integrated Composites 
Center to emerge from a "green field." It discusses each of the Configuration 
Items that impact the "TO BE" ICC. These Configuration Ite~:~S are: 

0 Composite lamina tin& cell 
0 Composite bagging cell 
0 Composite curing cell 
0 Composite trim and drill cell 
0 Composite test and inspection cell 
0 Composite subassembly cell 
0 Composite rework cell 
0 Tool preparation and quick-fix cell 
0 Material handling system 
0 Design/develop composite structures 
0 Composites management syst~~. 

Figure 3-34 is a block diagram of the major cells/system which must be 
impl~mented for the generic ICC. Figu~e 3-35 is a block diagram illustrating 
the i~lementation items for the laminating cell. Once the generic ICC system 
design specification has been ~eveloped and approved, tasks to convert it into 
an operating functional organization can be performed on both the cells and 
systems • 

The Implementation Plan Strategy provides a generalized framework of tasks 
stated in terms of generic cells/system, configurated items and job titles. 
It includes the various steps that convert a system design into an 
operaetional system. A general outline of the Implementation Plan Concepts is 
shown in Figure 3-36. 

The Implementation Plan will do~umPnt the following items: 

0 What specification items and task are to be undertaken 
0 In what sequence ( timeframe) will which tasks occur 
0 What specific cell/system is responsible for performing the 

implementation task 
0 What type of system testing is required 
0 How will manager/non-manager training be conducted? 
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C I·U c 1·1.0 c l·li.D 
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c 1·9.0 c 1·5.0 c 1·3.0 STAGING MATERIAL TEST AND CURING f,REAS HANDLING INSPECTiON CELL SYSTEM CELL 

I t 

I c 1·1.0 c 1·4.D ' c 1·7.0 
TOOL PREPARATION TRIM& DRILL I REWORK 
AND QUICK-FIX CELL CELL CELL 

I 
TOOL, JIG, AND FIXTURE STORAGE I STANDARD TOOL STOCKROOM 

L---------------~-----------~ 

c 1-11 
WANACEMENT SYSTDI 

Fiture 3-34 Block Diagram of lhe Cells/~yilems that are to be 
Im'-'lemenled in the Generic lnte&rated Composites Center 
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Because the autoclaves and refrigeration units are extremely difficult to 
move, consideration of their permanent location must take place early in the 
preliminary design of the ICC. Other equipment can be moved and is not as 
constrained as these two items. Implementation activities required to 
cOmplete the preliminary design of the "TO BE" ICC are: 

0 Procurement 
0 Site-preparation and facilities 
0 Installation of laminating cell 
0 Installation of bagging cell 
0 Installation of curing cell 
0 Installation of trim and drill cell 
0 Installation of test and inspection cell 
0 Installation of subassembly cell 
0 Installation of rework cell 
0 Installation of tool prepared and quick-fix cell 
0 Installation of material handling system 
0 Installation of design/planning interface 
0 Installation of the generic ICC Management System. 

The 1mplementation ~lan Strategy document (IP110511000) dated 31 October 
1983 was submitted to the Air Force on 31 October 1983 defines all the 
subtasks involved under the thirteen items listed above (t.he r-eader is 
referred to VolumP. III Part 10 of this report). 

NORTHROP'S IMPLEMENTATION PLAN STRATEGY 

Northrop's Implementation Plan Strategy address specific implementation 
steps to be taken, responsible organizations and planned time-phasing. It 
identifies and minimizes risks prior to implementation. The "TO BE" system 
will develop through a series of phases. 

0 Phase Zero - Detail design, construction, test 
0 Phase One - Facilities preparation 
0 Phase Two - System conversion 
0 Phase Three Organizational and procedural changes 
0 Phase Four Training 
0 Phase Five - System installation and performance monitoring 

Northrop has chosen a 3-level strategy for its ICC development and 
execution. This conceptual structure is shown in Figure 3-37. Figure 3-38 
illustrates Northrop's 3-tier organizational structure which will be used to 
manage the implementation of the system. 

Northrop intends to use each of its three divisions' (Northrop Aircraft, 
Northrop Advanced System, Northrop Ventura) sites to study the cells and 
system to be implemented. Those with the greatest potential will be selected 
for- ICC development. 
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The ICC project team will develop a facility plan which will identify the 
site location, computers, equipment, communications network and fixtures to be 
installed. It will also establish appropriate time tables and resource 
requirements. 

Northrop has developed a logical schedule of a transition plan to convert 
its "AS IS" composites manufactu.ring system to its "TO BE" system. This 
schedule is shown in Figure 3-39. It identifies all·the activities which must 
take place from preparing the ICC facility to the dismantling of the old 
system. Each of these items is explored in detail in Appendix A of the 
IPll05llOOO document of 31 October 1983. 

VOUGHT'S IKPLEKEHTATIOH PLAR STP~TEGY 

Vought's ICC Implementation Plan is a generalized framework that provides 
a roadmap for implementation and makes a clear statement of priorities. This 
plan, shown in Figure 3-40, is organized in three phases. Each phase is 
broken down into tasks to focus attention on the items which have the greatest 
impact. It also provides a tentative schedule for the tasks to be 
accomplished in order to implement a near-term system. 

This plan is based on the ICC as described in the Development 
Specification document and uses the facilities and major equipment currently 
in place at Vought. The approximate time frame for scheduling the tasks under 
each cf the phases will be revised to include more detail as the detail 
designs are finalized. 

Each of these scheduled items is discussed in detail in Appen6ix B of the 
IP110511000 document of 31 October 1983. 

GENERAL DYNAMICS IMPLEMENTATION PLA~ STRAT~GY 

The System Specification docu~~nt provided the basic strategy for 
developing the ICC at General Dynamics. The System Design Specification 
expanded that scope by identifying the individual necessary technologie~ and 
showing how they will interact within the ICC systems. 'l'he Development 
Specification identified those systems and technologies that needed 
devel~nt prior to their implementation. The System Test Plan provided a 
strategy for testing all of the systems technologies that were to be 
implemented in General Dynamics ICC. 

Figure 3-41 illustrates, in outline form, the overall schedule of the 
implementation and an item description, in chronological order, of the systems 
and technologies being implemented. All implementation will be accomplished 
through the coorindation and cooperation of the affected departments. Shoet 2 
of Figure 3-41 is an eY~ple of the tasks to be accomplished Who has the 
responsibility for accomplishing each task, date of start and completion and 
pertinent comments concerning each task. 
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3.3.8.6 !stablisb tnte&rated Composites Center System Test Plan (WBS 4.3.8.6) 

This document· describes the concepts, criteria, standards, tools and 
strategies for testing the ICC at tbe cell or system level. the plan includes 
the Development Testing and Evaluation CDT&!) of the system as well as 
strategies for installation, checkout and technical demonstrations. It also 
addresses the validation of tbe users, operators, and maintenance manuals. 

The plan describes the types of tests to be conducted, basic test 
sequences and the broad test objectives cequired to fulfill ICAH Documqntation 
Standards and to maintain continuity with previous submitted documents. 

Tbe System Test Plan for the ICC Preliminary Design Concepts (generic ICC) 
is a general plan encompassing each of the eleven major Configuration Items 
(Cis) and significant subordinate configuration items which were presented in 
the System Specification (SS). It is based on the requirements delineated in 
the System Requirements Document (SRD). A design strategy for each 
configuration item was presented on the System Design Specification (SDS). 
Hardware and software specifications were defined in the Development 
Specification (DS). 

The eleven Configuration Items presented in the Test Plan are: 

0 Composite laminating cell 
0 Composite bag&ing cell 
0 Composite curing cell 
0 Composite trim and drill cell 
0 Composit2 test and inspection cell 
0 Ccmposite subassembly cell 
0 Composite rework cell 
0 Tool preparation and quick-fix cell 
I) Material handling system 
0 Design/develop composite structure 
0 Composites management sy~tem 

Figure 3-42 illustrates the Confi~uration Item Test flow and Figure 3-43 
shows a Functional Test Flow. Figure 3-44 shows a block diagram identifying 
the major cells and systems in the ICC. 

The primary objective of the Sy~tem Test Plan was to determine if the ICC 
system could fabricate and build composite laminates or subassemblies that 
·meet or exceed design requirements. Also, various manuals would be developed 
during the Preliminary Design Phase and continually updated through the entire 
ICAH Life Cycle. These manuals are prepared by the vendor/supplier to provide 
relevant information on delivered hardware items. The Users' Manual is a 
primary reference document describing the developed functions in basic 
user-oriented terminology. The Operators' Manual is a computer software 
document describing the commands of all the operating systems for both the 
cells and the composite 
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-.nasement. system. The llaintenance Manuals J>t"OVide technical information for 
understanding the configuration item, the operating environment and prevAntive 
maintenance procedures. 

The System Test Plan Strategy (STP110511000) dated 31 August 1983 
submitted to the Air Force desct"ibes in depth specific test plans for the 
major configuration items listed at the be&inning of this paragraph and 
illustrated il. Figure 3-44. The reader interested in details is referred to 
Volume 3, Part 8 of this report. 

3.3.8. 7 Produce Configuration Item tdantiE.cation (WBS ll.:LS. 7) 

The Developm~nt Specification decomposes specific configuration items' 
requirements to a level sufficient to enable the evolutionary development of a 
detail design. It also identifies interfnces that will be accommodated by the 
subsequent design of the configuration item. 

The preliminary Development Specification, document number 110511000, 
which was submitted to the Air Force on 30 June 1983, was published as two 
separate documents. The basic book descri.bes specifications for a generic 
Integrated Composites Center. The second document, in the form of Appendices, 
contains opecific information concerning Northrop's, Vought's and General 
Dynamics ICC. In addition, the Appendices contain General Electric's Plans 
and Control Composites and It's Relationship to Control Centers. 

The basic book details the following information: 

o The functional requirements for each Configuration Item as extracted 
from the System Design Specification 

o The performance requirements that will normally be verified during the 
testing phase 

o The physical ~haracteristics that each Configuration Item should exhibit 
o The principal interfaces between the Configuration Item being specified 

and other Configuration Items with which it must be compatible 
o The design constraint~ that each Configuration Item must adhere to in 

order to sat.isfy the preliminary design t"equirements. 

The specifications for each Configuration Item are the results of the 
investigation analysis performed for the System Requi•ements Document, the 
feedback generated by the System Requirement Review, the elaboration and 
validation of these requirements as presented in the System Specification and 
the design strategy conceptualized in the System Design Specification. 

Northrop established certain major groundrules to p•ovide the foundation 
of the Development Specification. They were: 

o The ICC will use only fibet"glass, Kevlar and carbon or graphite fibers 
with expoxy, polyimide and bismalet~ide matrices as composites 
materials and hybrids 

o Bagging will continue to be requit"ed 

3--125 

I I 

""' -~- ---.....___ 

/ 
/ 



/ 

-

1 

j -
t· 

.'•. 

f:--
• .. 

' ) i.l 
( ;-

L~ 
~·, 

L' 
.ti 

.. l 
_,. 

·\ 
-~ 

... 

I \ 
;, 
~ 

,J 

I • --. 
I 
I ' i 'y 

....... 

• f:'">'";"• 

FTR110510000U 
· 29 June 198• . 

..... , · :;.. :~;-'-<0.::~·~::·-r· ·.:·: -~ ·- •. :/<'; ~ • -~-r,··*::;{~r::..,;;~~~ · 
'o 'l'he ~~toelava or similar beat/pressure ·vessels will be· the princlple · · · .. · 

curin& medium for primary aircraft structures 
o Bo substantial reduction in trimming and drillin& will occur 
o There will be no appreciable degradation of the role played by quality 

assurance. 
o Increased emphasis will be placed on the manner a cure composite part 

is handled 
o Quality of work life will be present at ICC startup 
o Shop floor and manufacturing control systems will &row in importance 
o Fiber-reinforced, metal-matrix composites are excluded from 

consideration because of their current sensitivity with respect to 
applications and processing technology 

o Pinal assembly or ir.stallation of a component or structure on an 
airframe is not considered part of the ICC. 

'l'he ICC coalition concentrated on eleven cells or systems (Configuration 
Items) that encompass the entire gamut of composite fabrication and 
subassembly. The major Configuration Items are shown in Figure 3-44. Each of 
these items have subordinate Cis. Figure 3-45 illustrates a process flow 
diagram for the ICC with emphasis placed o~ the Composites Management System. 

In this Development Specification, the coalition examines the major 
benefits to be derived from implementing the ICC. They are twofold. The 
first being the optimum use of scarce resources in the areas of facilities, 
labor, capital equipment, raw materials and management ability. The second is 
in the production of composite structures that are cost competitive and embody 
structural integrity. 

In addition to these advantages, there are also several drawbacks to the 
ICC, such as: 

o The inhorent risks associated with implementing unproven technologies 
o The inability to accurately estimate or forecast-costs of brick and 

mortar nnd limited off-the-shelf technologies superimposed on 
over-the-horizon technologies 

o The possibility of insufficient manufacturing flexibility 
o The risks associated with making engineering acceptable parts with "TO 

BE" technologies. 

The major system requirements presented in the System Specification 
Document have been transferred into individual Configuration Items (Figure 
3-46) representing both cells and systems indigenous to the ICC. These 
Configuration Items are fully developed and described in the Development 
Specification, DS110511000, 30 June 1983. Each of the major Cis have 
subordinate Cis which are delineated to the maximun extent possible in 
DS110511000. For precise design details, the reader is referred to Volume 3, 
Part 9. 

For the purposes of this final report, only a brief description of each CI 
is provided in the following paragraphs together with an illustration which 
depicts major breakouts under each item. 
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j 
TRIM& DRILL 

CELL 
c 1·4.0 

I 
CUREOPART 

CLEAN-UP 
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Foi'IAL TRIM 

c 1-4.2 

I 
HOLE 

GENERATION 
c 1·4.3 

1 
OTHER 
c 1·4.4 

Figure 3-46 Specification Tree Indicating the Major Configuration Items 
in the "TO BE" Integrated Composites Center 
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TOOL 'PREP" & 
QUICK-FIX CELL 

c 1-8.0 

Figure 3--46 Specification Tree Indicatint; the Major Configuntion Items 
in the "TO BE" Integrated Composites Center (Continued) 
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~O!!!EOSite Laminating Cell (Configuration Item 1.0) 
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29 June 1984 

Laminating is the process by which a composite detail part or: structural 
component is fabricated or focmed via the placem~nt or: build-up of one lamina 
{a single ply or fiber) supedcposr:d on another" until the required density is 
achieved. The Development Specifications for the .. TO BE" laminating cell 
includes the ability to accommodate various composite materials to fabricate 
and subassemble many different parts, structures and shapes for: both 
fighter:- type and transp,rt--type aircraft. Figure 3-4 7 presents a generic 
laminating cell ~hich axhibits all of the laminating techniques that are to be 
resident in that cell. Figures 3-48 and 3-49 illustrate the break out of 
subitems within the main configuration item 1.0. 

I TAPE 
PL'l TRUSION MACHINE I REFRIGERATION 

LAYING UNIT 
EQUIPMENT 

I I INJECTION MOLDING MACHINE 

riLAIIIENT WINDING 

8 
EQUIPMENT 

8 

MANUAL R A c I 0 c 0 
LAY UP A u A u 

0 T 0 T 

I G T G T 

0 I 0 I COIIPUTFR CTR 

0 N 0 N FOR lA'oiiNATING 

0 G 0 G - NESTING PROG 

s s - MFG/DESIGN 
- PLANNING 

AUTOMATIC 
LAY UP 

(ROBOTICSI 

KITS/BINS STORAGE OF 
Sl!PPORT MATFRIAL 

LA 'I'- UP 
TOOLS 

COMPOSITE 
MANAGEMENT SYSTEM 

Cl 11.0 

Figure 3-47 Generic Laminating Cell 
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PULTRUSION 
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CDICSTANT 
CJ~DSS ,;cu 011 

Cl-1.3.1 

DTH£A 
TECIMlLDCT 
Cl-1.5.2 

Figure 3-48 Laminating Cell Configuration Items 
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Figure 3-49 Ply on Ply Configuration Items 
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Composite Ba&&in& Cell (Configu~ation Item 2.Ql 

rrauo51oooou 
29June 198~ 

Bagging is the process by which an airtight membrane is placed. over the 
completed laminate or subasscrubly allo~ing a vacuum to be pulled and external 
heat and pressure to be applied. Material employed for this operation is 
nylon film (or comparable material) disposable bags cr reusable silicone 
rubber bazs. Figure 3-50 illustrates a specification tree that identifie~ the 
major Configuration Items which are resident in the Bagging Cell. 

BAGGING 
CELL 

C. I. 2.0 

J I l 
r ) 

REUSABLE BAG DISPOSABLE BAG ENABLING 
CTRADIT IOfo'ALJ rTFWIIT IIJW..J lTRADU IONAU 
C.I. 2.1 c. I. 2.2 c. I. 2. 3 

I J I 
CONSUHABLES CONSUHAEILES SHRINK '-l!t~P I C.l. 2.1.1 C.l. 2.2.1 C.l. 2.!.f 

I I I 
TH£RHOCOUPLES THERMOCOUPLES SI'PIAY-DH 

C.l. 2.1.2 C.l. 2.2.2 C.I. 2.3.2 

I I i 
VACUUtt fillINGS VACUU~ FITTINGS OTH~f\ 

C.l. 2.1.3 C.J. 2.2.3 C.l. 2.3.3 

Figure 3-50 Specification Tree of the Bagging Cell 
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Conposito Ourin& Cell (Confituration lteD J.O) 

FTR110510000U 
29 June 1984 

After the laminate has been bag&ed on its curins or bondint fixture in the 
ba&&in& cell, it is moved to the cure staging area. It is the function of the 
curins cell to subject the bagged component to l~at and autoclave (Or vacuum) 
pressure. The heat may be &~nerated by hn oven (a vessel that provides heat 
by convection), by an autoclave Which provides both beat end pressure or by 
other heat/pressure vessels. This cur in& process allows the orsanic matrix to 
&el and set. A post-curin& process lila)' also lie within the curin& ce 11 to 
enhance the structural properties in the laminate or subassembly. Figure 3-51 
identifies the major configuration items within the curin& cell. 

CURING 
CELL 

Cl-3.0 

J I L 
( 1 

AUTOCLAVE OVEN SELF 

CI-3.1 CI-3.2 
CONTAINED 

cr,:-3. 3 

I I T 
LOADING LOADING PRESSES 

CJ-3.1.1 CI-3.2.1 Cl-3.3.1 

I . I T 
CONTROL CONTROL HATCHED 

CJ-3.1.2 Cl-3.2.2 
HETAI.;; DIES 
Cl-3.3.2 

1 
. 

I I 
OTHER OTHER OTHER 

CJ-3. 1.3 Cl-3.1.3 CI-3.3.3 

Figure 3-51 Specification Tree - Curin& Cell 
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Composite Trim and Drill C@ll (Ccnfi&uratlon Item ~.0) 

PTR110510000U 
29 Juno 198.-

After the cured composite laminate is removed from the curins cell, it is 
transported to the Trim and Dr-ill Cell. Witl1in the trim. and drill cell, 
excess composite material will be removed. Cutouts may also be required to 
accommodate additional detail parts for consolidation into the subassembly 
cell. In a~dition to peripheral trirnmin&. hole preparation occurs in this 
cell. These hole p~eparations will primarily include drilling, 
countersinking, reaming and counterboring. Figure 3-52 identifies the major 
configuration items within the trim and drill cell. 

TRIM & DRILL 
CELL 

CI-4.0 

J 
t 

1 
r I 

CURED PART FINAL HOLE 
CLEAN-UP TRIM GENERATION 
C I -4. 1 CI-4.2 CI-4.3 

I I T -
FLASH MANUAL MANUAL 

REMOVAL 
Cl-4.1.1 Cl-4.2.1 Cl-4.3.1 

I I I 
OTHER AUTOMATIC AUTOMATIC 

CI-4.1.2 Cl-4.2.2 CI-4.3.2 

Figure 3-52 Specification Tree - Trim and Drill Cell 
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'l'ut and Inspeetion Call (Confis.uratioo Item 5. CU. 

l"fRll0510000U 
29 .June 19U 

The 'rest and Inspection Cell will perfot"'D initial reeaivins ond inspection 
teots on incomin& ~aw ~terial to ensure it was shipped in the ri&ht 
environment and that is meets all speeifie&tiona of the purchase order. The 
primary activities of this cell will be nondestructive testin&, nondestructive 
evaluation, and nondestructive inspection to ensure the structural inte&rity 
of the composite structure and to identify structures that require rework. 
Figure 3-53 identifies the major configuration items within the test and 
inspection cell. 

TEST &. INSPECT ION 
CELL 

CI-5.0 

J I l 
( l 

RECEIVING & IN-PROCESS N 0 T 
INSPECTION 

CI -5. 1 Cl-5.2 Cl-5.3 

I I I r---· 

VENDOR VISUAL RADIOGRAPHY 
CI-5.1.1 CI-5.2.1 Cl-5.3.1 

I I l 
CHEMICAL AUTOMATIC lJL TRASON I C 

IlN-HOUSEI 
CI-5.1.2 Cl-5,2.2 CI-5.3.2 

I I I 
MECHANICAL OTHER ENHABLING 
liN-HOUSEI TECHNOLOGY 
CI-5.1.3 CI-5.2.3 CI-5.3.3 

Fi&ure 3-53 Specifieation Tree - Test and !nsrection Cell 
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Composite Subasaecblr Cell (Confi~ur~tion Item 6.0} 

FTRllOSlOOOOU 
29 June 1984 

The function of the subassembly cell is to join or combine two or more 
detail parts to produce a higher level or more complex structure, i.e., a 
subassembly. Typical detail parts ~ould include all types of honeycadb, 
various metallic parts and cured composite parts and laminates. The 
operations or proe~sses would primarily center around the adhesive bonding and 
mechanical fastening activities. Figure 3-54 identifies the major 
configuration items vithtn the subassembly cell. 

SUBASSEMBLY 
CELL 

CI-6.0 

J l 
( ) 

ADHESIVE MECHANICAL I 
BONDING FASTENING I 
CI-6.1 CI-6.2 

I ' LOCATE LOCATE 
DETAILS DETAILS 

C[-6.1.1 cr-6.2.1 

I I 
APPLY GENERATE 

ADHESIVE HOLES 
Cl-5.1.2 Cl-6.2.2 

I 1 
OTHER INSTALL 

Cl-6.1.3 
FASTENERS 
CI-6.2.3 

Figure 3-54 Specification Tree - Subassembly Cell 
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Composite Structure Rework Cell {Configuration ~tea 7.0) 

The part rework cell has the function of bring in& laminates, detail parts 
and subassemblies that have been rejected up to standard for aubsequent buyoff 
in the test and inspecticn cell. Kajoc problems in laminates will be edge 
delamination& or disbands and surface scratches, reworking voids and 
attachment holes. This eel! could be construed as one that does customized 
work since no two reworks will be exactly the same. 'nle aJDOUnt of work 
flowing through this cell depends upon how tood or how bad other cells in the 
center are functioning. Fi&ure 3-55 identifies the major configuration items 
within the structure rework cell. 

REWORK 
CELL 

CI-7.0 

J l 
r 1 

VOIDS DELAMINATIONS 
CI-7.1 CI-7.2 

I I 
EDGE 

CI-7.1.1 Cl-7.2.1 

I I 
INTEALAHINAA 

CI-7. 1.2 CI-7.2.2 

Figure 3-55 Specification Tree - Rework Cell 
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Tool Preparation and Quick-Fi~ C~ll (Configu~ation Item~ 

The tool preparation and quick-fix cell focuses on repairing minor 
discrepancies. engaging in p'eventive u~intenance and preparing tho tool for 
positioning in the queue for lay up in the laminating cell or m~vins it to 
tool storage for use at some later date. Cut'ed part t"emoval frbm the tool is 
performed by this activity. They are also responsible fot" maintaini.ng the 
vacuum fittings and thermocouple vit"es used in the curing cell. This cell 
validates the tool as to ~olerance checks. leak checks, and surface 
preparation. It intet"faces with all cells in the centP.t" that have an impact 
on tooling. Figure 3-56 identifies the ra.ajot· confi&uration Hems within the 
tool preparation and quick-fix cell. 

TOOL PREPARATI~ 
AND QUICK-FIX CELL 

CI-8.0 

) I l r ) 

CURED PART ~CK-FIX TOOL 
REMOVAL 

1-8.2 
PREPARATION 

C I -8. 1 CI-8.3 

I I I 
MANUAL SURFACE SURFACE 

Cl-8.1.1 Cl-6.2.1 CI-8. 3. I 

I I I 
AUTOMATIC OTHER LEAK CHECK 
Cl-8.1.2 Cl-8.2.2 Cl-8.3.2 

I I I 
777 [ 17? OIHtNSION,a.L 

C I -8. I. 3 CI-8.2.3 
STABILITY 
Cl-8.3.3 

figure 3-56 Tool Preparation and Quick-Fix Cell 
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The material handling system is responsible for .ovin& composite material 
from the loadins dock into the refrigeration units in the laminatin& cell. 
This system also inventories and ~etrieves all consumables associated with the 
production of composite structures. It is concerned with the total center and 
not with individual cell hat.dling systel!'.s and interacts with the 
satellito-material systews of each cell. Figure 3-57 identifies the ~ajor 
confisuration items within the material handlin& system. 

MATERIAL HANDLING 
SYSTEM 
Cl-9.0 

J ! l 
r l ·-

MATERIALS TOOLS COMPOSITE 

CI-9.1 CI-9.2 STRUCTURES 
CI-9.3 

I I I 
COMPOSITE LAYUP CURED 
CI-9.1.1 CI-9.2.1 CI-9.3.1 

I l I 
CONSUHABLES ANCILLARY UNCURED 

CI-9.1.2 c l ,.g. 2. 2 CI-9.3.2 

I I I 
OTHER I OTHER OTHER 

CI-9.1.3 LCI-9.2.3 Cl-9.3.3 

Fi&ure 3-57 Specification Tree - Material Handling System 
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Rf•i&n Composite Structure {Configuration Item lO.Ql 

FftllOSlOOOOU 
29 .June 1984 

Tho decign composite structure cell will use automated design tools to 
design the layup tools used in the ICC, particularly the laminating cell. The 
major considerations in the design and fabrication of tooling for composite 
parts are tarseted at control of fiber orientation; the contour and uize of 
the part; the location of the part in the aRsembly; and maintenance of 
dtmensional tolerance control. Some design tools for the desisn/manufaeturin~/ 
quality assurance interface are: 

o Computer-aided design 
o Computer graphics 
o '111e 1 inkage of CAD/CAH 
o Computer-aided lofling 
o The tie-in with CAD to pro~rams similar to BASTRAB 

Figure 3-58 identifies the major configuration items within the design 
composite structure. Figure 3-59 illustrates the complex engineering/ 
manufacturing/quality assurance interface network. 

DESIGN COMPOSITE 
STRUCTURES 

CI-10.0 

J 1 l 
( 1 

ENGINEERrNG MANUFACTURING QUALITY 
REQUIREMENTS CONSTRAINTS CONSTRAINTS 

Cl-10.1 CI-10.2 CI-10.3 

I T I 
GEOMETRICAL SIZE 
Cl-10. 1. 1 CI-10.2.1 

I l l 
COMPOSITlONAL STAC~ING 

CI-10. 1. 2 SEQUENCE 
CI-10.2.2 

I I 
LOAD TOLERANCES CARRYING 

CI-10.1.3 Cl-10.2.3 

Figure 3-58 Specification Tree - Design Composite Structures 
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Figure 3-59 Engineering/Kanufacluring/Quality Assurance Interface Network 
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Composites Management Systea (Configuration Item 11.0) 

The composites managen1ent system is the mechanism where .the production 
requirements and the resources controlled by the ICC are effectively joined. 
Th~.s. system also provides a '"look ahead"' capability to avoid or minimize 
potentially costly imbalances between production requirements and availabl~ 
resources. The system provides computer-based support to the follovin& 
functions: 

0 

0 

0 

0 

0 

0 

Planning 
Scheduling 
Controlling 
Comamicatin& 
Quality assurance 
Performance measurement 

o decision-making support 
o Maintenance of operations 
o Performance iinprovement 
o Providing feed~ack information to system external to the ICC. 

Figure 3-59 identifies the major high-level configuration it.ems within thE' 
composites management system. Figure 3-60 shows these same seven 
configuration items t'laced within a systems-oriented framework. As the design 
shows, the system contains a subset of the factory systems. 

CENTER 
CONTROL 
Cl-11.1 

REQUIREMENTS 
CONTROL 
C!-11.2 

ICC MMJAGEMENT 
SYSTEM 

CI-11.0 

l 
r ) 

INVENlORY TOOLING 
CONTROL CONT"OL 
Cl-11.3 Cl-11.5 

r-·-~ 
MAINTENAh;:!' 

CONTROL 
Cl-11.4 

1 
QUALITY 
CONTROL 
Cl-11. 7 

PERSONNEL 
CONTROL 
CI-ti.S 

Figure 3-60 Specification Tree - ICC Management System 
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Figure 3-61 Composite Management System Modules 
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QUALITY ASSURANCE 
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29 June 1984 

Quality Assurance for composite component~ must include two majo1· 
elements: (1) assurance that the product desir,n will achieve its many 
requirements, and (:Z) aosur-ance thllt LhP ICC will closely control tbe 
production of all characteristic~ which affect the end result of Lhe product. 

The first element is r,eneC"ally covel."ed by the entineerinr, orr,ani:r.ation 
dudnr, the desir,n phases of f'C'Oducl development using inpuh from mad~elinr,, 
manufactul."inr, quality assuC"ance, service oC"r,anizatior.s, and cuslomel." 
repl."esenlatives. 

The second element converns Lhe function of meeting the 
specifications/tolerances associated with each chal."actel"istic. It becomes 
obvious that the t,C"eater the importance or the chaC'acteristic and/or the less 
ability of the shop to meet the specificatlons, the greater the need exists to 
contl."ol the chal."acteristic by some other means. 

One wol."kable system is to !"educe both factors to a numerical scale. Bach 
factor is then rated on a scale from l to 10. A high relative importance 
combined with a low ability to meet specifications results in a high need for 
control and the converse sitaation would indicate a low need for ~ontrol. 

Harketinr;, product service, design enr,ineering, manufacturing engineering, 
quality assurance and shop personnel working jointly can suggest variouo 
methods to assure control when the need for control is high and also arriv~ at 
a cost-effectlve and quality-effectiv~ solution. 

As a last resoC"l, additional or continued inspection and test procedures 
may be called foC" cntll adequate process controlsd can be put in place. 

DEVELOPMENT SPECIFICATION APPEiiOICKS 

As part of the Task E, Produce Configuration task, the coalition developed 
a separate volume of Appendices which contains specific Development 
Specifications for Northrop's, Vought's and General Dynamics' Inter.rated 
Composites Center. In s1dltlon, this volume also contains an Appendix D, 
which was General Electric's input on "Plan and Control Composites and Its 
Relationship to Control CenleC"s." 

These appenJices, specific lo Northrop, Vought and General Dynamics, 
establish ICC Systems Design Parruaelers, Confir.uratior. ~tems, Alternative 
Desir,n Concept~. Subsy~lem Development Specific6tions and Quality Assurance. 

General ElectC"ic~ poC"tion enviaions composites as a complete "factory" 
accepting "orders" (in the form of a schedule) for composite assemblies. 
Their approach facilitates the planninr. and control of composites assemblies. 

These four Appendices (A, B, C and D) were submitted as part of the 
DSllOSllOOO document which was submitted to the Air Force for approval on 30 
June 1983. 
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3. 4 0!.::::> H ty Assurance/Quali tr Control/Technical Requir81118nts/Taslcs (Task D,) 

The assurance of ~.Jality cuts across the entire life cycle of an aerospace 
product -· from initial concept, through d~sign, pre-production, production and 
use. To provide this assurance, a quality plan must be produced to ensure 
that the quality r"quirements will be met throughout the product life cycle. 
Since the quality of the design has a significant impact on th~ quality of the 
product, Engineering and Quality must interact closely during the design phase. 

Similarly, Manufacturing, Design and QUality must inte~act during the 
pre-production phase. During the production phase, the quality plan is used 
to en6ure that the raw materials, components, and subasseQblies are being 
transfo~ed into acceptable parts. Finally, Quality must monitor field 
performan~e during the "uGe and maintain" phase of the life cycle. This data 
(as well as other Quality Information) is used to provide lcedback to aid in 
evaluating QA/QC effectiveness, reliabib.ty and maintainability. 

General Electric Company, as part of the Vought, Northrop, General 
D;~amics coalition, was responsible for accomplishin, Task D. SofTech, Inc. 
also provided additional support for this task. 

Task D had three broad objectives: 

o The understanding of today's "AS IS" QA/QC environment 
o The transferring of technology 
o The developing of a recommended Product Assurance Program Man~gement 

Standard for the Factory of the Future. 

UnderstPnding 'I'odav's "AS IS" QA/QC Envirorunent - The objective of this task 
included establishing an "AS IS" QA/QC architecture suitable for being used as 
a baseline for the QA/QC requirements of Task B - Factory of the Future and 
Task C - Integrated Comp~>sites Center. It also included devising a method of 
incorporating tht• QA/QC architecture into the ex\.stbg "AS IS" manufacturing 
tect.nology. 

Transfer of Technology - This objecth-e ',ncluded developing a Quality 
Assurance Manual which would provide a standard approach for modeling, 
analyzing and improvl..ng the "AS IS" QA/QC functions in industry as well as 
rroviding a technology transferring medium. 

Developins a Recommended Product Assurance Program Managament Standard for the 
Fact~ry of the Future ~.This task include~ analyzing HIL-Q-9858A and related 
standards/specifications for potential deficiencios in the automated 
envirorunent of the Facto.ry of the Future. The recommend&d Product Assurance 
Program Standard recognizes ~ntegrated automated management and production 
~ystems applicable to the current &nd future manufacturing environments. This 
approach is lntended to help pave the way toward a paperless manufacturing 
environment from an integrated quality assurance viewpoint. 
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These tastes were or!';aniz.:d -at·ount1 J..:v~loping stt"l.lctured graphical models 
representative of QA/QC functions per·for:ned in the aerospace industt·y whi.:h 
could be used as a bas>)line understanding, for launching other industrial 
quality technology project$. 

The TasteD objectives t>y w~~k ~w!'a\<.dcwn ~tr-uctut·e is shown in Figure 3-62. 
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Figure 3-62 Tas~ D Objectives by WBS 
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3.4.1 !stablish QA./QC Prq.ig£Ulan an~ Schedule (WBS 4.4.1) 

FTR110510000U 
29 June 1984 

The QA/QC Project Plan and Schedule were established in the Project Kaster 
Plan and Schedule <PMP11C510000) dated 1 January 1982, the schedule revision 
(PKP110510000A) dated 1 February 1982 and in the 15 February 1983 revision 
(PKP1105100008). As part of the Schedule, subtasks covering Understanding the 
Problem, Establish a QA/QC Manual and Establish Product Assurance Program 
Standard were defined and a time schedule for their accomplishment was 
established as a series cf program milestones. 

The scope of the "AS IS" QA/QC environment as it related to the "AS IS" 
Architectures o.f Manufacturing (Hl"Gi') and Desit;n (DE;S0) was developed in 
conjunction wi.th the Project Kaster Plan and schedule. A "strawman" IDEF0 
model (A-0 and AO diagrams) "Assure Product Quality" was developed and 
provided the basis for future coalition efforts in modeling their company 
specific QA/QC functions. The A-0 diagr~m is illustrated in Figure 3-63 and 
the AO diagram is illustrated in Figure 3-64. As shown in Figure 3-64, the 
major activities of the QA/QC function are: 

A1 
A2 
A3 
A4 
AS 

Develop Quality Requirements 
Prepare Quality Plan 
Provide QA/QC Resources 
Perfo~ Quality Control 
Evaluate QA/QC Effectiveness 

3.4.2 Understand The Problem Using The HFGO, HFG1, DESO and DESl Architecture 
(WBS 4.4.2) 

QA/QC activities that are associated with the life cycle of an aerospace 
product, begin with the conceptual studies performed prior to responding to a 
proposal and go through to the analysis of field data. In undertaking this 
task, emph~sis was placed on both the technical and management issues of the 
QA/QC function. IDEF0 and IDEFl mod6lin& techniques were used to assist in 
understanding the "AS IS" QA/QC function and its relationship to HFG0, HFG1, 
D!SQ and DESl. 

Four specific documents were developed fr~m the results of this WBS item. 
These documents are: 

o Scoping, Document which defined the contractual effort and QA/QC 
relationship to existing ICAH Architectures 

o System Environm~nt Document which investigated various manufacturing 
"AS IS" QA/QC systems, developed integrated site specifice and generic 
IDEF models and established architecture i"terfaces wilh HFG0 and 
DESQ.. The architecture interfaces have been published in 
AFWAL-TR-82-4063, Volume V, Architecture Part III, Composite Function 
Hodel of ""Manufacturing Product" (KFG0). 

o Needs Analysis Document - which investigated various manufacturing "AS 
IS" QA/QC systems and defined the specific needs of those systems 
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0 System Requir,;oments Document - which translated "needs" into system 
requirements and identified improvement concepts. 

Figure 3-65 illustrates the various documents which were produced as a 
result of the Task D effort. ThP following paragraphs provide a summary of 
the activities that contributed to these uocuments. 

3.4.2.1 Perform Needs Analyses 

The Needs Analysis activity address~d the ··AS IS" environment in terms of 
cost/performance drivers and hurr~n factors affecting the current system and 
identified where improvements should be mzde. The six major activities of the 
QA/QC system were identified as: 

o Prepare for future QA/QC aerospace demands 
o Dev-~lop QA/QC RFP response 
o P~epare QA/QC quality plan 
o Implement QA/QC program plan 
o Perform to QA/QC program plan 
o Evaluate QA/QC effectiveness 

Key areas of needs ware summarized and structured in a needs analysis 
matrix (see figure 3-66). Areas of need have been identified and combined in 
the following categories: 

o Early Integration of Quality AssurancP/Control considerations 
o QA/QC Equipment 
o QA/QC Information Handling 
o Technical Skills 
o Software Quality Assurance 

Integration of the Ass~rance of Quality - The following key areas of needs 
were identified for the Integration of QA/QC activities. These needs affect 
all functions from Marketing through Engineering, Manufacturing and Logistics 
Support. 

o Early prevention/detection of quality problems and capitalizing on 
quality opportunities 

o Hew QA/QC technology compatible with future d~sign concepts and factory 
of the future designs and change proposals 

o Utilize present quality problem data in future designs and change 
proposals 

o Early availability of design and manufacturing requirements for 
inspP.ction and test planning and equipment requirements 

o Reduce QA/QC resource inefficiencies associated with project 
organizations. 
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TASK "D" 
3 Sub-Tasks 

. 1) Understand the Problem-"As Is" Aerospace Industry 

Scoplng Document System Environment 
Document 

Needs Analysis 
Document 

System Requirements 
Document 

2) QA/QC Manual-Architecture for Product Assurance 

3) Product Assurance Program Stand~rd-for Automated 
Environment 

Figure 3-65 Documents P~oduced on Task D 
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:_. . ! . . . . QA/QC Equipment Needs - As highly au~omabt5 ~Hon t~ystems. are integrated 
·" .~~~~t:;,;,,_,.t,#;.~:;;,,~into manufactudn& desiet''• the tendency ~u: 11t2ea ~· ovel"loacS the Quality • ,.,.. ··•~ 

... 

Jf 
·r-- ' -. v 

I 

· ' ; · · Assurance requirements. ln the overall des:i~n.- J..s a result, the traditional 
methods of inspection seriously impact pr/d~~~i01- Inspection productivity 
ean be increased by automat in& laboc- inte:J.siTe ~tion processes. There 
uust be interactive inspection and veri.fi:at:.._-o ailled at non-conformance 
prevention and timely and effective pc-eve:>tin 'll&iL!Amance. Some lcey needs in 
this area are: 

_) 
;. 

o Inspections of Internal Integrity of ~sites 
o Composites Dimensional Inspections 
o Detailed Machined Part Dimensional :r~~~cti~ 
o Electrical Wire Harness Inspection 
o Sheet Metal Blanking Inspection 
o Automated/In-line Electronic Circuit ~QC ~ction 

QA/QC Information Handling Needs 

Due to the labor intensivE'! nature of ins-,e::ticr.n &Jta collection in the 
Factory of Today, a large part of an ins?ecter• s ti~ is spent in filling out 
forms. Information must be inputted manually_ Selected portions of the 
information are archived and storage and retnen!. i.s usually totally manual. 
Information in the fonn of blueprints, 5p~cifieoti:a and procedures is usually 
distributed manually. Thus, there exists a ~~ ~~ ~liminate much of the 
manual interaction now required. Automate~ ~~ion management systems 
that can handle the collrction, analysis and ~~ of inspection data are 
required. The coalition team identified sev~ ~ a~as of need associated 
with QA/QC information handling. They were: 

o Provide QA/QC field information for ~r!y ~lem identification and 
solution 

o Improve the collection, processing. ~~ aDd retrieval of shop floor 
inspection data 

o Secure useful incoming inspection eat. in a timelv manner 

o Submit a quality plan in response to ~~ ~ tb~t utilizes demonstrated 
strengths 

o Ensure correct inspection programs ar~ 1~ on numerical control-type 
inspection equipment when part arri~es 

o Provide only cun·ent relevant inspect.i:Ja ~u to the shop floor 

o Reduce the time and cost to incorpvra~ ~~itious QA/QC. 

Technical Skills Needs 

There were three major areas of ne~s a~cia~ with QA/QC skills 
identified by the cualition team. These were: 
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o Obtain and IMintain technical s'kills in high demand and short supply
0
,.,., . .,1if-~Yi.:>') 

i, 

o Hake effective use of available QA/QC skills 

o Allocate the range of skills required to effectively perform certain 
QA/QC tasks. 

These needs are not unique to the aerospace industry. They are associated 
with staffing and management functions of all organizations. However, there 
are possible technical solutions which may all~viate these needs. They are: 

o Provi~e or reduce the need for QA/QC skills where they are in sho~t 
supply 

o Provide a closer match between QA/QC personnel and position skill 
requirements 

o Provide a quality assurance audit capability to measure the adequacy of 
the QA/QC systems. 

Software Quality Assurance Needs 

Software, like hard~are, is crucial in terms of cost, schedule and 
performance and deserves the same level of emphasis ~s hardware. Software 
includes operating systems, supervisory systems, compilers, test routines and 
application programs. Some of the problems which exist in the softwar.e area 
are: 

o Poor requirements d~finition 
o Inadequate systems engineering 
o Inability to track software development progress 
o Inadequate design chang~ and configuration control 
o Improper matchin~ of test and verification with requirements 
o Availability of support ~oft~are when needed. 

The Needs Analysis document CNAD110513~00) published on 24 June 1982 
expands on the summation of the needs desc_ibed in the preceding paragraphs 
and highlights the b::1ckground, human fdctot· issues, cost drivers. benefits (if 
corrected) and the estimated cost benefits in dollars and as a percent9ge of 
known costs. 

3.4.2.2 Establish "AS-IS .. Envit:'onrnent (loo'BS 4.4.2.2) 

The major modeling effort occurred in support of meeting the requirements 
for a System Environment Do<.ument (SED). That document contains the "factory 
view" models from each of the coalition rr:embers as well as the "composite 
viaw" IDEF0 (funct;.onal) and IDEFl (informational) models. The final 
composite IDEF0 model had 143 noc.les ranging from "Develop New Technologies" 
to "Perform NDT Inspection.·· 

3-155 

.......... . 
~~-

/ ,. 
J \ ' - ,_ ___:-, 

L 



·;rt;t'J~, 
nal.lOSlOOOOU 
29 June 1984 

. __ ··.)·:_ .•.•... : ,, .. ; . ~;;i;, i>- Jhr~e alr.era,ft contniclors (Morlhrop, Vou~ht and General_ f)J'naalcs) . 
·· · ::;;~",.,.,,;;:~~llected c!ah·;tci· develop tht"ee separat~ ~els of "AS IS .. t~toey QA/QC i",;. .J;;,:;;~;,: ·' 

... l .. 
.! 

.. 

t 

· · views. These views were representativ• nf multipurpose ~roduction centers 
(i.e., assembly, machinint,, ~lectronics, composites and fabrieat.,ion). The 
viewpoint was from memb£rs of the Task 0 coalition project teaa; Data was 
collected from those who had the most infonnation in whatever aet.ivity was 
beln~ modeled .. This data, then, became the baseline forth@ individual 
factory view models. The assignments for these view models were as follows: 

o General Dynamics would "nndel upper:- level management an.d expand into 
Test/Inspect and evaluate for the electt·onics area 

o Northrop would do the same for the composites area 

o Vou~ht would do likewise for the sheet metal, ~~chined parts and 
assembly areas. 

Fi~ure 3-67 is a factory view of General Dynamics' IDEFI Function 
Hodel. Fi~ure 3-68 is a factory view of Northrop's generic QA/QC functions 
which occur throu~hout the entire life cycle of an aerospace product. Figures 
3-69, 3~70 and 3-71 show the detailed architecture and the subtasks involved 
in Northrop's QA/QC functions involved with the chemical and physical testing 
of prepreg in the composite area. Figure 3-72 is Vought's 1DE11 model of 
its generic QA/QC functions which occur across the life c7cle of an aerospace 
product. Figure 3-73 is an in-depth model of sheet metal and extruded parts 
QA/QC inspection. Figure 3-74 is a similar example for sheet aet.al and 
extrusion inspection and Figure 3-75 demonstrates a model of assembly test, 
inspection and assembly procedures. 

A detailed discussion and description of the .. AS IS .. modeh is presented 
in the Task D, SystP.m Environment Document (SED10513000) of 31 Au&ust \982 • 

3.4.2.3 Establish The "AS-IS Composite QA/QC Models (WBS 4.4:2.~) 

The Northrop, Vought and Gene•al Dyngmics Factory View models were used to 
develop the !DEF0 Composite View models. The IDEFl Composite ·Vi.ev model was 
reviewed by SofTech and appt·o:.cimal:.ely 75'1.. of the SofTech suggestions were 
incorporated into the fir.al model. 

Working as a team, the ~oalition_members reviewed and identified the 
commonalities of the three factory view models from which the eomposite view, 
function and information models weLe developed. -

Figure 3-76 is the QA/QC composite model node tre~ repre~enting the 
combined efforts of all participants. Figures 3-77 illustrates an Entity 
Class Fun~tion view of the !DEFl ~nfonnation Modal. 
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Figure 3-76 QA/QC Composite View Architecture 

l-0 ASSURE PRODUC1 QUAI.J1l !COl 
AD 

lSSIII!E PR~DUCT QIJAUTY 

A4 
IMPLEMENT I 

PROGRAM J 

71' 
. \-
~· ~···. -i.A-'< I -·· ....... , 

-~-~ 

-...: 
ft 

~. . _,_ ..... 
,.., -· . 



Al 
'RE QA QC 
RAM PlAII 

A·U ASSURE PRODUCT Q!JAIJ1Y ICDKTEXTl 
AD 

ASSURE PRODUCT QUALITY 

A4 
IMPLEMENT QA Q(' 

PROGRAih PLAN 

FTRllOSlOOOC•..! 
29 June 1984 



I 

I I 
I I 

I L I 
I I 

l 
I 

l 

• 

i 

1· 

~ -

Fi&ure 3-77 Entity Class Function View 

3-167 

nRll05lOOOOU 
29 June 1984 

I 

I 

I 
I 

I 1-g 
! 

~trt. j; 



\ 
I 

FTR110510000U 
29 June 19S4 

3.4.2.4 Establish Architecture Intarface Integration (WBS 4.4.2.4) 

The "Assure quelity'' architecture model was integrated with the master 
ICAK manufacturing (KFG01) and Design (DES), 1) models while working with 
personnel of the !CAM architecture Part III, Project Priority 1104. The 
results have been published in AFWAL-TR-82-4063, Volumes III, IV, V, and VI. 

Figure 3-78 reflects a generic view of the product quality architecture 
interface approach with oanufacturin~ and design architectures. Figures 3-79 
and Figure 3-80 illustrate QA0 interface with KFG0 and DES0 nodes, 
respectively. The QAQ Node Chart shown in Figure 3-81 illustrates the flow of 
the various functions as they integrate into each other. Figure 3-82 shows 
the production flow of General Dynamic~ F-16 line as the various components 
and assemblies are integrated into the final aerospace product. 

3.4.2.5 Establish Improvement Concepts (WBS 4.4.2.5) 

The System Requirements Document (SRD110513000) translated the needs 
identified in the Needs Analyeis Document into systems requirements capable of 
satisfying those needs. Each need was reviewed in terms of suitable 
improvement concepts. The original draft was reviewed by Vought and General 
Dynamics who reconunended several changes which were incol}>orated into the 
final draft. The final draft was submitted to the Air Force on 24 September 
1982 and approved on 5 July 1983. The Systems Requirements Document was 
reviewed by industry and several changes reconunended were incorporated prior 
to final approval by the Air Force PHO. 

The System Requirement Document (SRD) provided: 

o A set of improvement concepts that ad~ressed the integrated factory 
QA/QC environment 

o The system requirements that serves as a basis ~or understanding What 
is to be accomplished if the needs of quality in the Factory of the 
Future are to be met 

o A basis for tracking future implementa~ion programs. 

The SRD further described the specific QA/QC performance requirements to 
be satisfied by the QA/QC "TO BE" System. This document was divided into four 
major sections as follows: 

1. Identified how the system requirements ana improvement concepts were 
developed for each key area of need as listed in the QA/QC Needs 
Analysis Document. 

2. Identified the specific system requirements and improvement concepts 
for each key area of need. These areas were grouped into the 
following categories: 
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System Enviror~ment Document 
lntegre'1tion 

Manufacturing 
. Architecture 

Assure Product Quality 
Architecture 

Design 
Architecture 

Figure 3-78 Generic Product Quality Interface Architecture 
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Al Plan for Manufacture 
A12 Estimate Requirements, lime ond 

Cost to Produce 
A121 Estimate Resource Needs 

A14 Develop Support Activity Plons 
Al41 0e'lelop cy\ Plan 
Al411 Establish QA Requirements for 

Production 
A1412 Define Required QA !lesO'.Jrces 
A1413 Issue QA Plan 

A2 Kake and Administer Schedules and Budgets 
A21 Develop Master Schedule 
A22 Develop Coordinating Schedules 

1'.224 Develop Schedules for 
Continuing Support Activities 

A3 Plan Product ion 
A33 Develop Production Instructions 

A23 

A3 

A31 

A32 
A34 

A33 

A33 
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Develop Draft QA Program Plan 

Prepare QAIQC Program Plan 

Issue Quality Requirements 

Spt~ify Required QAIQC Resources 
Issue Quality Plan 

Establish Schedule 

Establish Schedule 

A33333 Add Inspection Steps 
A3343 Plan Receiving Inspection 

A42 Provide QAIQC Oetai led Work Instructions 
A31S Issue Quality Requirements 

A4 Provide Production Resources 
A42 Provide Equitment 

A42ZS Checkout 

A4243 Perform Inspection 
A4211 Perform Stat1~1 Cap~bility 

Analysis 

AS Obtain Manufacturer's Material 
AS3 Inspect 

J!Q Produce Product 
J!Q3 Perform Physical Production 

AG314 Inspect Detail Ports 
AG324 Inspect Composite Parts 

(Sub-Asserrb 1 i es) 
A6334 Inspect or Test Major 

Assemblies & Installations 
A6315, AG32S, A6335 

Handle Hooconfonni ng 
Haterials/Asserrblies 

J!Q4 Test Checkout 

A43 

A43 
A52 

AS11 

A512 
A513 
AS14 

AS4 

ASlS 

Calibrate and Certify Tools and 
Equipnent 
Calibrate and Certify Tools and Equipmen 
Verify Processes 

Perform Incming Inspection 

Inspect Detail Parts 
Inspect Composite Parts (Sub-Assemblies) 
Inspect/Test Major Assenbl ies and 
Instaliations 
Control Nonconforming 11aterial 

Test/Checkout Aerospace Product 
(Final Product) 

Figu~e 3-79 QA0 - Integ~ation with KFG0 
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A 3321 Release Design Data 

All 

FTR110510000U 
29 June 1984 

ldenftfy Probable Future 
QA/QC Requirements 

Al2 Compare Future Needs 
Wtth ExtHmg Technology 

Al2 Compare Future Needs 
Wtth Extsttng Technology 

A21 Excracc RFP Q/\/QC 
Requirements 

A23 Develop Dri\ft QA 
Program Plan 

A221 Evaluate RFP lor 
Technology Requtremenh 

A314 Determine Production 
QA/QC Requtrements 

A315 Issue Quality 
Requtrements 

Figu~e 3-80 QA0 - Inle~~ation With DES0 
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A.-q> 
Assure 
Product 
Quality 

Figure 3-11 QAI Node Chart 
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o Early integration of functional ~~tivities 
!> Providing fast, reliable insp~ctions 
o Timely transmission of data 
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o More effective personnel practices and resource allocation 
o Additional procedures for the "AS IS" quality system. 

Identified what other ICAH systems might be impacte~ if the QA/QC 
system requirements were met 

4. Identified those portions of the QA/QC IDEi0 activity diagrams 
that will be affected when improvement concepts are implemented to 
meet the system requirements. 

Figure 3-83 is a partial listing from the System Requirements Document 
that illustrates how key areas of needs are defined, how they relate back to 
paragraphs in the Needs Analysis Document, and the relevant IDEF0 nodes to 
which they appertain. 

The specific system requirements and improvement concepts section of the 
document defined each system requirement, proposed an improvement concept, 
discussed the availability of state-of-the-art techniques ana approaches, 
established relevant effected nodes, and estimated the potential cost 
savings. Figure 3-8~ is an example of the details describing system 
requirements referenced in figure 3-83. 

Also discussed in the SRD is the potential impact QA/QC requirements might 
have on other !CAM systems. It points out that this impact must be considered 
in future planning because if the solution to QA/QC problems were implemented 
separately, they might create costly and time consuming incompatibilities. 

3.4.3 Establish QA/QC Manual (WBS 4.4.3) 

The objective of the QA/QC Manual was to provide a standardized approach 
for modeling, analyzing and improving "AS IS" QA/QC functions in industr:;. 
From this document, industry and DoD will be able to start from a developed 
QA/QC baseline and follow a logical, structured approach. This manual also 
identified common QA/QC functions and illustrated how integrated "TO BE" 
models and architectures were evolved for improvement concepts. 

The completed document was entitled "Architecture for Product Assurance." 
It was developed by organizing and simplifying the output of the standard !CAM 
.documents produced as part of understanding today' s "AS IS" environment and 
putt ... lg that information into an easy, t"eadable format. The document contoins 
simple instructions on how to build a model. It contains the composite 
function IDEF0 and infot'mat.ion IDEFl models for "Assure Product Quality" 
with simplified directions fol' how to read and interpret the models. 

The "Architecture for Product Assurance" also contains a summary of the 
Needs Analysis Document and the System Requirements Document with a brief 
explanation of how those two documents were developed. 
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PARAGRAPH 
. IN NEEDS 
ANALYSIS 
DOCUMENT KEY AREAS OF EEED 

RELEVANT 
IDEFO 
HODES 

----------~------------------------------------------+-----------
3.3,2.1 N~eds ~ssociated with the Integration 

.!'t Assurance o1 Quality. 

3.3.2.1.1 Early pLevention/detection of Design/ 
Production/Manufacturing problems and 
capitalizi~g on Quality opportunities. 

3.3.2.1.2 New QA/QC technology compatible with 
future design concepts and Factory-of­
the-Future manufacturing innovations. 

3.3.2.1.3 Utilize present Product problem data 
in future designs and change proposals. 

3.3.2. 1.4 ~arly availability of Design and 
kanufacturing requirements for Test and 
Inspection plar.ning and Equipment 
requirements. 

3.3.~ 1.5 Reduce QA/QC resource inefficiencies 
associated with project organizations. 

3.3 .2 .2 Needs Associated with QA/QC Equipl!lent. 

3.3.2.2.1 Inspections of internal int~grity of 
composites. 

3.3.2.2.2 Composite dimensional inspections. 

3.3,2.2.3 Detailed ~achined part dimensional 
insp~ct ion. 

3.3.2.2.4 Electrical wire harness inspection. 

Fi~ure 3-83 QA/QC Key Areas of Need 
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3.1.2.2.2 ~~-o:eli~ble insoection of internal composite 
Dimensions. 

System Requirement: 

Improvement Concept: 

Improvement Concept 
State-of-the-Art 
Status: 

The 1nspection of composites during the 
lay-up process is a continuous effort. 
Since the tape is opaque, each layer 
must be inspected for tape orientation 

·and spacing. The inspection is manual 
and must be repeated for each layer. As 
a result, Quality Assurance is very 
labor intensive and time consuming. 
This problem exists in both tape and 
broad goods lay-up. A fast, reliable 
in-process inspection of composite 
materials is needed that will reduce the 
time and cost 60 to 75\. 

Integration of the inspection function 
with the tape and cloth lay-up to 
assure, rather than just inspect for, 
tape orientation and spacing. This 
would be a part of the automated lay-up 
program. 

Not Avai !able 

There are some potential methods that 
show promise including x-ray, cat scan, 
and sonic scan. 

Key Area of Need: Composite dimensional inspections. 

Paragraph & Page 
No. in NADll05l3000 3.3.2.2.2, Page 3-25 

Relevant IDEPO Nodes: A51231 

Benefits: $25 Hillion (3.4\ of the savings) 

Figure 3-84 Improvement Concepts ~xample 
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In developing this document, the coalition (General Electric, Vought, 
Borthrop, and General Dynamics) took into consideration that there could be no 
pat answers nor tai!ormode guides for individual industrial businesses for 
obtaining instant solutions to quality and productivity problems. 

However, this document does simplify the process considerably by providing 
a logical path to sequence events, prioritize those operations that merit 
immediate attention, eliminates duplication of procedures and establishes a 
road map that is designed to be both pertinent and flexible. The basic 
guidelines set forth in this document are designed to help industry achieve 
the quality and cost efficiencies it desires without the burd~n of immediate, 
overwhelming e~~ense. 

3.4.4 Establish Product Assurance Program Standard (WBS 4.4.4) 

The four documents produced during the first phase of this project, 
"Understand Today's "AS-IS" QA/QC Environment", provided the background for 
the development of the Product Assurance Program Standard. Th~s data, 
however, presented a limited point of view since the coalition had focused on 
Quality Assurance in aerospace manufacturing. Further, the data was presented 
from the perspective of t'·.e Quality Program/Project Manager. 

The data base was expanded further by: 

o Contacting Air Force suppliers who provide other products 
o Contacting other DoD contractors who provide Army and Navy supplies 
o Contacting other Air Force and DoD personnel 
o Contacting the highest ranking Quality Assurance officers in industry 

and the military. 

The coalition was then able to combine its working level data with "policy 
makers" data. 

A questionnaire was developed to capture data in an organized and 
structured manner. This data was analyzed along with the feedback from 
personal interviews. Specification ~IL-Q-9858A and related documents were 
also analyzed and problem areas and deficiencies were identified. 

The Product Assurance Program Standard document includes consideration for 
integrated automated management and production systems applicable to current 
and near-future manufacturing environments. 

Figure 3-85 summarizes the coalition's approach to developing the Product 
Assurance Program Standard. 
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APPROACH 

~-8 
011 
PROGIU>M 
IlliG liT 
ST.MIOIIAD 

~ 

81 -a SURVEY 

8 
·so - Scoping Documenl 

1"§ "SED - Systems Environment Document 
.,...,..,...,.. ~ "NAD - Needs Analysis Document 

"SRD - Systems Requirements Document 

Fi&ure 3-85 Product Assurance Program Standard-Approach Summary 
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. 3.5 .1 Industt'y/Govern:n~nt Debt"iefins (WBS ...L.ll 
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The Project 1105 prime contractol" ~ponsored an end of contract debriefing 
at the Loews Anatole Hotel on 21 June 1984. The purpose of this debriefing 
was to transmit th~ salient t'esults of the Project 1105 effort to a~propt'iate 
represent~tives from Industry &nd Govenunent. Invitations wel"e extended to 
approximahly four hundt·ed. people an~ approximately 200 attended. Names were 
obtained from a list supplied by the Ai~ Force PHO. 

3.5.2 . Annual !CAM Industry Day Participation (WBS 6.8) 

The coalition participated in two ICAM Industry Days as follows: 

o Sixth Annual Industry Days, Ne\1 Orleans, Louisiana, January 1982 
o Seventh Annual Industry Days, Hew Orleans, Louisiana, June 1983 

Plans are currentlJ underway to participate in the Eighth Annual Industry 
Days to be held in Dallas, Texas 9-12 April 1985. 
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The following paragraphs describe the approved life cycle and 
supplementary documents that have been produced on Project 1105. These 
documents may be ordered by using the Document Request Form found.at the end 
of Secticn 4. 

4 .1.1 Task ·s Appt"oved Life _£ycle D~c~!!!:!_ 

(1} Ta!?k B - Scopi.ng Document (SD), ''Factory of The Future Conceptual 
Framework," 25 March 1982, (SO 110512000), Vo~ume II, "?art ..L. 
AFWAL-'i'R-84-4020 

This document states the obje~tives of Task B, relates the objectives to 
specific work statements by defining the bounds of the project tasks and 
defines where the ~roject correlates with the ICAK Architectures of 
Manufacturing and Desi~n. For Task B, the two major objectives are: to 
establish an overall conceptual fr~~ework structure of upper level management 
functions supportedby concept descriptions/definitions and limited 
architectures: and to establish a long-range, systematic strategy for 
initiating concept descriptions. 

{2) Task B- Needs Analysis Document (UAD), "Factory of the Future 
Conceptual Framework," 10 Kay '!<382, (NADll0512000), Volume II, Part 
2, AFWAL-TR-84-4020 

This document identifies "NEEDS" in the c.urrent "AS IS" factory 
environment in order to conceptualiz~ opportunities for improvement. Seven 
major eate&ories of ne~ds were identified. The needs are related to: 
Information Resource llana&e~nent, Management of the Fact.ory, Product Definition 
and Planning, Product Assurance, Human Resource Management, Materials 
K&nagement, and Financial Management. The document then relates (in a series 
of matrices) how these needs catesories apply to thQ generic functions of the 
Factory of the Future detailed in the Scoping Document. 

(3) Task B - State--Of-The-Art Document (SAD), "Factory of the Future 
Co~ceptual Framework," 20 S~ptember 1982, (SAD110512000), Volume II, 
Part 3, AFWAL-TR-84-4020 

This document outlines the state-of-the-art technolo&Y which is applicable 
to the Fo~ environment being studied by the Task B coalition. The SAD was 
investigated from the pe•sp~ctive of information/communication/computer tools 
which support the factory management level decisions and the interface of t.hi!l 
level to ~11 oth~r functions of the factory. Since the FoF is envisioned fo~ 
the 1995 tirne-frame, tnis SAD analysis included not only current technolo0y 
but, also leadin& edge technology which has a potential for demonstrating cost 
effectiveness. A detailed ~escription of a leading computer integrated factory 
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(Ingersoll Killing Machine Company) is Also included. The appendices contain 
a S1llt1111Bry of selected data base management systems, a review of other ICAM 
SADs and their relationship to the FoF, and finally, a statement of 
compatibility of the SAD with !PAD findings. 

(4) Taslc B- System Requirements Document (SRO), "Factorv of the Future 
Conceptual r'rameworlt I .. 3 Karch ln3 I (SRD1105120000) I Volume II I 
Part 4, AFWAL-TR-84-~020 

This document outlines the requir~~ents and concepts for the enhancement 
of the a~rospace factory operP.tions in 1995. I~e document relates these 
requirements using the sever, n.ajor cate&ories identified in the NAD. These 
are: Info~ation Resource Management, Management and Control, ·Product 
Definition and Planning, Product Assurance, Human Resource Mana~ement, 
Materials Hanegement, and Financial Management. This document identifies 
these requirerr.ents for the Generic Factory of the Future and establishes the 
basis for developing the Factory of the Future Conceptual Framework. 

(5) Task B- Svstem Specification Document (SS), "Factory of the Futur~ 
Conceptual Frame~ork," 1~ October 1983, (SS 1105120000), Volume II, 
Part 5, ArwAL-TR-8~-4020 

This document expands and further details the major requirements 
identified in the Systems Requirements Document (SRD1105120000). This 
document views the system in terms of specific system requirements and 
provides sufficient crite~ia to enable an initial conceptual design of the FoF. 

(6). Task B - Conceptual Framework Document, "Factory of the Future 
Conceptual Framework," 10 i-'ebruary 198~ I (MMR110512000}. Volume II I 
Part 6, AFWAL-TR-84-~020 

This document describes •n apprvach for achieving computer integrated 
manufacturing in the 1995 aerospace Enterprise using the concepts developed in 
the SRD and SS. The aerospace Enterprise (factory) is desc~ibed as a total 
system. It is broken down using System Engineering Kethodoloty into its 
component pa~ts; goals are reviewed; the operatint environment of the 1995 
time-frame is discussed; its principles of operation are defined and its 
functions are described. Detailed description of the major factory components 
are presented in the discussion. These components are examined from the 
physical view (people, production tools and equipmant, facilities and the 
computer integrated factory network) and the lotical view (common data base 
and logical p~ocesses used t.o manipulate data/infonnation). 'l'he conceptual 
framework is based upon concepts previously developed and, as such, represent 
a hypothetical view. The document slso points out that, a different 
description is possible if the actual parameters of a specific Enterprise were 
used as opposed to the generic concepts used by the coalition. 

4.1.2 Task C and E Approved Life Cycle Documents 
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(1) Taslc C - Scoping Document (SD) "Intagrr:~ted Composites Center 
Conceptual Design," 30- June 1982, (SO 110511000), Volume III, Part 
1, AFWAL-'t:_~4-<\020 

This document states thP- objectives of Task C, relates the objectives to 
specific work st&h.:llents by defining the bouuds of the project tasks and 
defines where the pro ct correlates with the ICAK architectures of 
Manufacturing and D~· ~~n. For Task C, the two (2) major objectives are: to 
establish the needs equirernents for a.~ integrated composites center concept 
(basic effort), and to establish The Inte&rated Composites Center 
specification, preliminary design and implementation plans for the minimum of 
two (2) different manufacturing locations (Option 2). 

(2) Task c- Needs Analysis eocurnent (MAD}, "Intesrated Co~osites 
Center Conceptual Design," 30 APril 1982, (NAD110511000), Volume 
III, Part 2, AFWAL-TR-84-4020 

The purpose of this document is to identify shortcomings in the "As Is" 
composites manufacturing systems and to conceptualize possible opportunities 
for improvement. Fourteen categories of needs were identified. The needs 
are related to part design, rate and volume requirements, and position on the' 
learning curve. Design, quality assurance, and tooling were identified as 
very large cost drivers. The needs do not vary much from company to company. 
Control is fragmented - integration is lacking; managem~nt and control systems 
were found to be inadequate. 

(3) Task C- System Environment Document (SED), "Integrated Composites 
Center Conceptual Desit;n," 31 Hay 1982, (SED110511000), Volume III, 
Part 3, A~JAL-TR-84-4020 

This document provides the systems environment for the Integrated 
Composites Center (ICC). It consists of IDEF0 abd rDEF1 Composite Models of 
"AS IS" system and represents a teneric environment of composites airframe 
manufacturing in the current aerospace industry. It identifies the 
commonalities found in today's environment rather than the idiosyncrasies. 
Northrop's, Vought's, General Dynamics' and, to a lesser extent, General 
Electric's, Approach to composites manufacturing were studies. IDEF0m 1 and 
2 models reflect a compositing or synthesizin!; of these approaches. The 
models were constructed from these studies and validated through IDSS 
simulation. These models nnd the understanding of the "AS IS" compoistes 
environment gained in the data collection and modeling process were used to 
construct the System Environment Document. 

(4) Task C- State-of-The-Art Document (SAD), "Integrated Composites 
Center Conceptual Desir;n, 31 Hay 1982, (SAD1105ll000), Volume III, 
Part 4, AFWAL-TR-84-8020 

This document establishes a point of departure for the design of the '":o 
BE" Integrated Composites Center by examining the technology of the "AS IS" 
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environment. The coalition team analyzed thei.r own current composite 
fabrication environment and also visisted the production facilities of other 
aerospace factories engag~d in the fabrica'ion and assembly of composites. 
CUrrently available technolcgies were examined to satisfy existing need~ and 
technological voids were uncovered. These voids were described and 
prioritized in terms of cost drivers, perfonnance drivers and human factor 
considerations. 

(5) Task C- System Reqy.ir-emenb Document (SRD), "Integrated Compos:..tes 
Center Conceptual Dcsi~n,'" 31 Julv 1982, (SRD110511000), Volume III, 
Part· 5, AFWAL--TR-84-4020 

The System Requirements D~cument (SRD) was the first functional document 
of the "TO BE" Integrated Composites Center. It was the initial statement of 
validated "needs" for the "TO BE" center expressed in terms of requirements. 
These requirements were "needs" with associated parameters. This document 
identified the major requirment. catego-:-ies of the "TO BE" ICC which were 
traceable back through all of the previously produced documents of the ICC. 
The coalition individually analyzed their requirements to improve their 
specific composite production system. The resulting information extracted 
from these requirements which were generic to the aerospace industry are 
reflected in this Systems Requirement Document. 

(6) Task E- ~ystem Specification Document (SS), "Integrated Composites 
Center Conceptual Design," 30 November 1982, (SS 110511000). Volume 
III, Part 6, AFWAL-TR-84-~020 

This document contains the functional and performance specifications for 
the Integ~ated Composites Center System. It includes the specifications for a 
generic ICC as well as specifications tailored to Northrop, Vought and General 
Dynamics. The purpose of this documen~ is to detail the system requirements 
to the maximum extent possible, to assure the reliability and validity of the 
requiremP.nts and to promote a basic understandin& between the user and the 
contractor b~fore system design be~ins. These specifications include a 
first-cut identification, description and appropriate models of the 
subsystems, cells and stations which will comprise the "TO BE" ICC. 

( 7) Task E - System DesiJI:n Specification Document (SD5), "Integrated 
Composites Center Conceptual Design," 28 February 1982, (SDS110511000}, 
Volu~e III, Part 7, AFWAL-TR-84-4020 

This document addresses how each requirement presented in the System 
Specification will be addressed. Eleven cells or systems that encompass the 
entire gamut for composite fabrication and subassembly fo~ both the generic 
and site specific cente•s are identified. These eleven cells are further 
identified by major Configuration Items and subordinate Configuration ItemD 
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that satisfy each system requirement. These Configuration Items must be fully 
developed and exploited to. conceptually satisfy system requirements. All 
Configuration Items are specifically defined as to their function within the 
ICC. 

(8} Task E- System TQst Plan Strategy Document {STP), "Intep:,rai:.ed 
Composites Center Conceptual Desisn." 31 August 1983, 
(STP110511000}, Volume III, Part 8, AFWAL-TR-84-4020 

ThiB document contains the System Test Plan Strategy for the Integrated 
Composites Center. It is written at the system lev~l. It describes the 
concepts, ct'iteria, standards, tools and strategies for testing the system at 
the conceptual level. The plan includes the Development, Testing and 
Evaluation (DT&E) of the system, as well as strategies for installation, 
checkout and technical demonstrations. It also addresses the validation of 
the Uset's, Operators and Maintenance Manuals. This document also contains 
tht'ee Appendices which desct'ibe the System Test Plan Strategies which are 
unique to Northrop, Vought and General Dynamics. 

(9) Task E- Development Specification Document (OS), "Integrated 
Composites Cer1ter Conceptual Design, 30 June 1983, (DS 110511000), 
Volume III, Part 9, AFWAL-TR-84-4020 

The Development Specification (DS) for the Integrated Composites Center 
decomposes specific configut'ation items requirements to a level sufficient to 
enable the evolutionary development of a detail design. It also identifies 
interfaces that will be accommodated by the subsequent design of the 
configuration item. This specification establishes the performance, 
development and test requit'ernents for the hardwat'e which makes up the ICC. 
The Development Specification was published as two separate documents. Volume 
I describes a generical ICC. This is a conceptual design only, not a precise 
ft'amewot'k. Volume II, Appendices, deals with spec£fic requirementr. tailored 
to Northrop, Vousht and General Dynamics. 

(10} Task E - Implementation Plan Strategy Document (IP) Integrated 
Composites Centet" Conceptual Deshn, 31 October 1983, (IP 110511000), 
Volume III, Part 10, AFWAL-TR-84-4020 

This document contains the conceptualized Implementation Strategy for the 
ICC. It desct'ibes the concepts, criteria, standards, tools and strategies fot' 
implementing the system. It describes the specific steps which must be taken 
to implement this composites tec:mology int., new or existing production 
facilities. This document includes implementation plans for a generic ICC as 
well as detailing specific factory implementation plans t'equit'ed by Northrop, 
Vought and General Dynamics 

. · .... ~. i 
I 

/. 
L 

4-6 

---- .......... _, -~ 



/ 
/ 

/ 

,,., 

·l 

FTR110510000U 
29 June 1984 

4.1.3 Task D Approved Life Cycle ~c~ments 

(1) Task D - Seeping DOC!:Jmant (SDh__:.:s!':L~lity Assurance/Quality Control 
Technieal Requir-ements/1'aslcs....::.__.j8 J;,onuary l~SD 110513000) 1 

Volume IV 1 Part 1, .U"'AL-TR-84---4020 

This document states the objectives of Tazk D, relAtes the objectives to 
specific work statements by defining the hounds of the project tasks and 
defines where the project correlates with the ICAH Architectu~e of 
Manufacturing and Design. For Ta~k D tho threo n~jor objectives are: to 
establish an understanding of QA/QC activities requh·ed in aerospace 
production; to establish an IC&~ Quality Assurance Manual that will provide a 
standard approach for modeling, analyzing and imp•ovins QA/QC technology in 
industry; and to establish a prototype Prodvct Assunnce Standard that will 
provide product assurance man11gement guidelines in integrated/automated 
manufacturing environments. 

(2) Task D- Needs Analysis Document (UAD), "Quality Assurance/Quality 
Control Technical Requirements/Tasks," 24 June 1982 1 (NAD110.'.H3000), 
Volume IV, Part 2, AFWAL-TR-84-4020 

This document assesses the "AS IS" manufacturing environmer'" shortcomings 
with respect to the quality assurance/quality control requirements and tasks. 
Needs are analyzed in te~s of human factors issues and cost/performance 
drivers. The major needs categories are comprised of speciflc need 
descriptions. The categories utilized are: integration of quality assurance, 
QA/QC equipment, QA/QC information handling, technical skills, and software 
quality assurance. The coalition prioritized the needs overall, as well as 
within each category, based on anticipated benefits to be derived from systems 
improvements. 

(3) Task D - System Environm-:,nt Doc~~!lt (SED). "Quality Assurance/ 
Quality Control Technical Requirements Tasks," 31 AtJgust 1982, 
(SED110513000), Volume IV 1 Part 3, AFWAL-TR-84-4020 

This document presents the IDEF0 and IDEFl factory and composite view 
models which describe the Quality Assurance/Quality Conh:ll activities and 
related information in today's aerospace manufacturing environment. These 
models provide a broad baseline understandinp; of "AS IS" QA/QC functions and 
serve as a foundation for developing computer integrated QC systems. The 
models were designed to be integrated into the DES0 and HFG0 architecture, 
as appropriate. The info~ation model concentrated in six key quality areas 
and added valuable insight and information to the understanding of quality 
activity modeling. Twenty-five activity classes and twenty-four key 
attributes were identified as a result of this effort. 
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(4) Task D- Systems Requirements Document (SRD), "Quality 
Assuran~lity Control Technical Requirem~nts/Tasks," 24 
September 192~J (SRD110513000), Volume IV, Part 4, AFWAL-TR-84-4020 

This document identifies a series of improvement concepts t~at address the 
integrated factory QA/QC environrr.ent. It also provides the system require­
ments that must be satisfied which will serve as a basis for understanding 
what is to be accomplished if the needs are met and a basis for tracking 
future implementing prcgr4~s. 

(5) Task D - Architecture fpr Product Assurance, "Quality 
~ssurance/Qua_lity Control Technical Requirements/Tasks," 10 January 
i984, (TTD110513000), Volume IV, Part 5, AFWAL-TR-84-4020 

This document presents the findings of the coalition in providing a 
working model whose benefits go beyond aerospace boundaries to establish 
applications in virtua!.ly every manufacturing situation. It provides a 
technology baseline for assessing and planning modernization and integration 
of Product Assurance in today's manufacturing environment. It becomes a 
starting point for a manufacturer to assess his current situation and to 
determine what steps should be taken to assure quality and productivity 
increases throughout the entire manufacturing cycle, from design and 
engineering to finished product and field use. 

(6) ·rask D - Product Assurance Program Standard, "Quality 
Assurance/Quality Control Technical Requirements/Tasks," 18 August 
1982, (ISPll0513000), VOLUME IV, Part 6, AFWAL-TR-84-4020 

This document includes considerations for integrated automated management 
and production systems applicable to current and near future manufacturing 
environments. Background and other supporting material, including approach 
and survey results, are also presented. Three paths were explo~ed to help 
define the requirements for this standard. First, an in-depth review of 
applicable military, gove~~ent, and industry QA/QC publications was made. 
Second, the Understand the Problem document was referenced for usable elements 
of standards ramifications. Finally, the coalition solicited feedback from 
government and industrial sources on current and anticipated future 
requirements. Together, this data con~rised the information for this document. 

4.2 Displays 

An ICAM Industry Day display booth was designed as part of the ICAM 
Conceptual Design for Computer Integrated Manufacturing project. The design. 
was reviewed by the Air Fol."ce PHO and revised in accordance with their 
comments. This display was finalized and set-up at the Sixth Annual ICAM 
Industry D~ys held 17-20 January 1983 at the Marriott New Orleans Hotel in New 
Orleans, Louisiana. This display has been used at the following locations: 
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o MTAC, O~lando, Florioa 
o Boeing Military aircraft Company, Wichita, Kansas 

l"T1Ul0510000U 
29 June 1984 

o Headquarters Aeronautical Syste."11.S Divis-ion, Writht-Patterson AFB, Ohio 
o Texas A&M University, Colle,e Station, Texas 
o End-of-Contract debriefing, Dallas, Texas 
o LTV Aerospace and Defense Company, Dallas, Texas 

Photographs of the display are shown in Volume V, Appendix F of the Final 
Technical Report. 

~.3 Ordering Approved Life Cycle Document 

Use the Request Order Forms at the end of this volume to request copies of 
the Approved Life Cycle Documents. Send requests to: 

ICAK Program Library 
AFWAL/HLTC 
Wright-Patterson AFB, Ohio 45433 

The Final Technical Report, AFWAL-TR-84-4020, can also be requested from 
the Defense Technical Information Center (DTIC); Send requests to: 

DTIC 
DDR-1 
Cameron Station 
Alexandria, VA 2231~ 
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FACTORY OF THE FUTURE CONCEPTUAL FRAMEWORK REVIEW 

Ambassador Room 
Daytonian Hilton 

Dayton, Ohio 
4-5 Kay 1983 

This appendix contains the results of a ~actory of the Future Conceptual 
Framework Review of Project 1105 conducted by a "Super Coalition" of noted 
manufacturins and computer experts conducted at Dayton, Ohio, ~-5 Kay 1983. 

This appendix was originally published as part of Interim Technical 
Report, ITR110510007U, dated 15 July 1983. Because ITRll0510007U will not be 
published further for general distribution and the impoFtance of the review, 
it is repeated here for the convience of the reader. 
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3.0 TAS[ B REVIEW KEET!UG FAC'l'ORY OF TF.E FUTURE 

AGENDA 
i · FAC'l'ORY OF tHE FUTURE CONCEPTUAl FRAM.F.VORK. 

\ 

OBJECTIVES: 

REVIEW 
Ali.BASSADO~ ROOM 
DAY'!ONIAN HIL!ON 

DAYTON, OHIO 

l. Provide & summary of Task B to establish the basis for analysis 
of these results by the review team. 

2. Based upon tbe review and received documentation, have the review tea~ 
assess task results, and identify: areas of agreement, areas of 
concern and, if required, additional areas for consideration. 

3. Have each review te~~ provide & written report on their position by 20 
Kay 1983. Tbis report should emphasize suggestions for improving the 
concepts being developed by the Task 8 coalition. 

Wednesday, May 4, 1983 

8:30AM 

8:45AM 

9:25AM 

lO:lOAK 

10:25AM 

11:20AM 

12:00NOON 

Welcome and Introductions 

Project 1105 Overv: w 
and FOP Conceptual F~ame­
worlt Scope 

FOF Conceptual Framework 
Heeds Analysh 

Break 

FOF Conceptual Framework 
Requirements 

FOF Conceptual Framework 
State-of-the-Art Investigation 

Lunch Break 

A-2 

Capt. R. R. Preston 
ICAK PMO 

D. L. Norwood 
Vought Corporation 

A. W. Snodgrass 
D. Appleton Co., Inc. 

R. L. Moraski 
Vought Corporation 

R. L. Diesslin 
IIT Research 
Institute 
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Wednesday, Kay 4, 1983 (continued) 

l:OOPK 

2:15PM 

2:30PM 

5:00PM 

wor~ing session to provide 
the Review Te&m the opportunity 
to discuss Tauk B and formulate 
su~r;es~ions for improvement. 
!hie seasion will concentrate 
on the r~quirements for the 
Factory of the Future. 

Break 

Workin~ session continued 

Adjournment 

Thursday, Mav 5, 1983 

8:30AM 

l0:30AH 

l0:4SPM 

12:00Noon 

1:00PM 

2:COPM 

Open discusuion on the 
Conceptual Fr~ework 
for the FOF 

Bret.k 

Review of the workinr; 
session based upon 
the open discussion inputs 
and further reflection. 

Lunch Break 

Recommendations for next 
meet in~ 

Adjournment 
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H. Buffum 
J. Harrinr;ton 
J, Lardner 
w. Skinne!' 
R. Spears 

All attendees 

Review Te3lll 

R. L. Moraski 
Vought Corporation 
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ATTF.t!D.&.NCE LIST 
\ 

ll05 !~~ustry Review Heetins 

Daytonian Hilton, D•yton, Ohio 

4-5 Hay 1983 

NAME COMPANY & BUSINESS MAIL STOP/ TELEPHONE 
l'.AILING ADDRE3S SYMBOL 

Rick Preston AF'WAL/MLIC 513/255-7371 
ICAM Project M&r WPAFB, OH 45324 

Harvey Buffum H. E. Buffum Co. 725-5040 
5439 So. Hudson 293-6227 
Seattle, WA 98118 

Don L. Norwood Vou&ht Corp. 214/266-5549 

Dick Spears Boein& Computer Services 316/526-2612 
/ 

A. Wayne Snodgrass D. Appleton Co., Inc. 213/318-2451 
Vi.ce-Pres ident 1104 Highland Avenue 
DACOM Manhatten Beach, CA 90260 

Laurence o. Ward Northrop Corp. 213/970-5667 
Northrop Corp. One Northrop Ave. 

Hawthorne, CA 

Ken Lillie AFVAL/ML'1'C 513/255-6976 
Program Manager WPAF3, OH 45433 

Carol Bo'!:n AFVAL/MLTC 513/255-6976 
Industry Fellow WPAFB, OH 45433 

Gerald Shumaker AF'WAL/MLTC 513/255-6976 
Tech Area Manager WPAFB, OH 45433 

James F. Lardner Deere & Co. 309/752-5988 
Deere & Co. John Deere Road 

Moline, IL 61265 

Gary Haug AFWAL/MLTC 513/255-6976 
!CAM PMO WPAFB 

' 
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NAME COM?ANY & BUSINESS 
MAILING ADDii:ESS 

Rich Diesslin 10 W 35the Stre•t 
IITRI Chi~a&o, IL 

Joseph Harrington, Jr. Acorn Park 
Arthur D. Little, Inc. Cambridse, Mass J2140 

Ken Mehlhope 4701 Harburs Ave. 
Cincinnati Milacron Cincinnati, OH A5209 

AFKL WPAFB, OR 

Wickham Skinner Box 282 B. 
St. Georte, ME 04857 
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312/5&7-4000 

617/864-4770 
x5431 

513/255-6976 

207/372-~219 
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3.3 Minutes of Keetin~. Attachu.ent (A) 

PROJECT PR!ORITY 1105 
TASK 8 F.O.F. INDUSTRY REVlEW 
DAYTON~~ HILTON, DAYTON, OHIO 

04 to 05 Hay, 1983 

!he Project 
Priority 1105, task 8 Factory of the Future Industry Review was held at th~ 
D~ytonian Hilton from 04 to 05 May, 1983. Attendees at this meeting were, as 
follows: 

Mr. 
Mr. 
Mr. 
Ms. 
Mr. 
Mr. 
Mr. 

Coalition KembP.rs: 

o. Norwood, Vought Corp. 
R. Moraski, Vought Corp. 
P.. Neal, VOU!ht Corp. 
B. Davis, D. Appleton Co. 
w. Snodgrass, D. Appleton Co. 
L. Ward, Northrop 
R. Oiesslin, IITRI 

Panel of Experts: 

Dr. J. Harrington, Consultant 
Mr. H. Buffum, Consultant 
Or. w. Skinner, Harvard Business School 
Mr. J. Lardner, John Deere &. C.:~. 

Mr. R. Spears, Boeing Computer Services 

ICAM PMO 

Capt. Richard Preston 
Mr. K. Lillie 
Mr . .J. Schumaker 
Mr. K. Mehlhope 
Ms. c. Bol"n 
Mr. G. Haug 

the meeting was convened by Capt. Richard Preston, Project Leader, U.S. 
Air iorce ICAM Program Office. Capt. Preston welcomed the pnrticipants of the 
meetins, particularly the industry experts who had been invited as 
representatives of the executive management level of industry ar.d who would 
provide input to the Factory of the Future Project whose appl"oach is to 
address factory management from the executive level to tha center level. 

Don Norwood, Program Manager, presented an executiv~ summary of the 
objectives and approach of the entire 1105 Project. His presentation was 
followed by more detailed reviews of the documentation which was being 
assessed at this meeting. Specifically, A. Wayne Snod~rass reviewed the Needs 
Analysis document; R. Moraski reviewed the System Requirements Document: and 
Richard Diesslin reviewed the State-of-the-Art Document. 

The remainder of the day was an open forum discussion which allowed the 
panel of experts to express their thoughts regarding the ~orlc which hed be~n 
perfo.med to date and their recommend~tions regarding future direction of the 
program. 
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These discucsions we~e continu~d durin' the followin' day's session. 
Both Ai~ Fo~ce p11.::ticipar.tr; and coalition members were ~iven the oppo~tunity 
to share their ~bservations and concerns. 

the followin~ meetin, minutes ~epresent pe~tinent cements which were 
made durin& the meetin;. In order to facilitate their readability, these 
comments h~ve been c~te~orized, as follows: 

- Pro;r~ approach 
- Documentation: General Comments 
- Documentation: Sp~cific Comments 
- Documentation: ~uture Recommendations. 
- Mar~eting the Technolo;y 

It was &ene~ally concluded by both the panel and Air Force that a very 
credible piece of work had been achieved by the coalition members and that 
future work Jhould focus on a ~trate&y to market the pro&ram's achievements. 

0 

Pro~r~ Approach 

The project is to develop a credible model of a major set of inte;rated 
systems that can desi&n and manufacture products more accurately and at a 
reduced cost. the approach should be from a systems basis, i.e., say 
what you want to see. Also, the system should be desi~ned to handle data 
from desi&n conception to lo&istics. Lastly, define the environment in 
which that system can operate (Jim Lardner) 

o Many decisions to invest in technolo'y are being made or are not being 
made for financial reasons. The internal reward systems are not 
responsive to lon&-te~ risk takin&. In addition, people don't work 
necessarily for the company for six years. Youn&er people tend to move 
on. We, therefore, must address ourselves to internal mana~ement systems 
(Wickham Skinner). 

o Plan is referenced with bottoms up implementation. Bo_ttoms up method cf 
systems development will not work and cannot be tolerated. Must have an 
overall plan (Harvey Buffum). 

o ''Top down/Bottoms up" means macro to micro. Each micro changt} must fit 
into a macro plan. Macro i~plementation, however, will produce total 
chaos. One cannot macro implement. Must chan~e a large thing bit by 
bit. the inertia of invested capital is tremendous so you chan&e a piece 
of it at a time. Must respect the science of manufacturing (Joe 
Harrington). 
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o There are three kinds of decision makinr; in an organization: 

(a) structured, i.e., feeds and speeds where there is a real 
application for the computer. 

(b) Pemi-structured, i.e., trends etc., where the application 
of the computer may be h~lpful. 

(c) un-structured, where the computer can't help at all. 

The syst~m should speak ~o structured decision~ (Jim Lardner). 

o Information flow will be the key. I~ will work. Xt is the future 
environment. Systems should be built to suppot"t ~rog~:a.m 111ana.r;ement <Dick 
Spears). 

o The goals of the needs, such as reduced cost, improved quality, customer 
services, flexibility, and humau resource management are not necessarily 
met by super integration. Need some good old-fashioned execution. 
That's what the Japanese do. The usc of computers and integration 
results in complexity. Thrust is to~ards massive and total systems. Not 
certain this is correct. What is its purpose? Is the pro~~ct's purpose 
educational? If so, what else is necessary? How do you teach these 
con~~pts to a culture of managers and technical people? (Wickh&m 
Skin.ne.·). 

Documentation: General Comments 

o The Sy~tem Requirements Docume~t is more realistic than any other ICAM 
documentation depicting what the aerospace industry really thinks and 
understands. The Documents have depicted the aerospace industry problems 
{Rarry Buffum). 

o Brilliant piece of work. So complete it represents a checklist and logic 
as to how. to look at factory a.nd factory systems. NAD is terrific , 
however, some misr;ivings whether the documentation can be used for 
meeting its intended need. The process of helping industry in this 
country realize the factory of the future goes a lot further than the 
best schemes, and best models, checklists, and analyses <Wickham Skinner). 

A commendable job. Much work and good solid thinking (Joe Harrington). 

c Good documents. Impressed with approach, especially in the I~~ area 
(Diclc Spears). 
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Needs analysis document is well done. Good, prog~ammatic view in that a 
need equated to a deficiency or void. In Systems Requirements Document, 
coalition has done a ~ood job of identlfyin& the systems requirem~nts, 
but should sort out and prioriti~e the requirements (Ji~ Lardner). 

o Life cycle documents have &iven structure to the pro&r&m. they 
communicate the projects accomplishments to other enterprises (Capt. 
Richard Preston). 

Documentation: Specific Comments 

Needt An8lvsis Document 

Human Inte;rction, i.e., &ettin& humans to work with the computer is not 
mentioned in the NAD (Joe Harrington). 

Svstems Requirement Document 

o System Requirements Document is too large to be considered an effective 
sales tool. Th~re is a need to identify benefits and cost savings (Ken 
Hehlhope). 

o Too much philosophy in the System Requirements Doc•1ment. Must pull 
requirements out of the philosophy, such that the requirements are 
clarified (Capt. Richard Preston). 

0 System Requirements Document needs to address in much sreater detail, the 
eonfi&uration mana~ement which has in the past been a most disastrous 
failure in buildins wo~pon 3y~teres. Industry must know the exact 
configuration of each airplane over its life of 20 years and is faced 
with finding a method of keepin& data containin& many system and 

confi&uration changes. Configuration Management must be a key part of 
top down planning. the confi&uration control thread is not apparent in 
the SRD and needs to be addressed more thorou&hly (Harvey Buffwmi. 

o Management and political issues should be addressed more strongly since 
computers are used for political reasons (50~), logical reasons (25~), 

and data movin& (25~) (Dick Spears). 

o System Requirements Document has done a good job in identifying the 
requirements, but these requirements must be sorted out. Some of the 
requirements are more of a mana&ement problem as opposed to a systems 
problem. Others will be critical to an info~ation resource management 
structure which can operate a "Factory of the ~uture" (Jim Lardner) . 
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o The word facto~y is sn sbus~d term. Should u1e the work enterprise when 
talkin& about the entire organization (Joe Har~ington). 

o System Require~ents Document reflects independence from one another. 

0 

0 

It's a quick compi!ation of group results.The Product Assurance section 
doesn't tune into the desi&nin~ in of quality, but rather focuse~ on 
quality processes in the manufacturing operation. Quality As5urance must 
have a front end invested effort (i.e., procedures, configuration 
management1. Must be included in definition planning and design phases. 
The Fa.cto~y of the Future planning must recognize that QA fits in upfroat 
(Capt. Richard P~e~ton). 

Design and manufacturing must wo~k together, but maintain independence as 
to responsibility so that decisions are not forced to one managers 
viewpoint (group discuuion). 

Sort out re~l system requirements which are going to be essential to data 
flows tbat manage the derivation and integration of data into 
information. Data and information are not the same thing. Systems use 
data to provide information (Jim La~der). 

State-of-the-Art Document 

Disappointed with the SOA as presented and prepared. There are many 
managerial issues which must be addressed. One such example is the necessit) 
of a new approach to financial management or ROI (Jim Lardner). 

The life cycle of manufacturing process and softwa~e process are in 
parallel. The secret is in the building of data bases (Spears). 

~ocumentation: Future Recommendations 

o General 

0 You need simple examples, some numbers, some data, economics, and case 
histories. Utilize graphics to show what is better; how would you know; 
what is i~tegration (Wickh&m Skinner) 

o Need color brochure o• a ~ood sellable package to convince the champions 
(Ken Lillie) 

System Specification 

0 Within eaeh company there will exist different data and different 
systems. Use an example which depicts current. Systems and the 
relationship of cats. Show the transition from one company's present 
condition to the factory of the futu~e in 1995 (Harvey Buffum). 
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o We're looking for a cr-edible li1odel or a. major set of generic strategy. 
Should simplify. Trying to uy too much. Should sugsest a par-ticular 
or&anizational structure. The old organization structure is b~sed on 
limitation of information. Should rethink the organizational structure 
(Wickham Skinner-). 

o Pull out 'requirements and categorize requirements because not all the 
requirements can be addressed by systems (Jim Lardner). Cate~ories are 
as follow!!: 

(1) Requirements which can be addressed by SOA technolo~y systems, 
manipulation Qr resolution of an info.mation problem 

(2) Requirements which must be addressed by a change in management 

(3) Requirements for which we need to do more research 

(4) Requirements for which technology does not yet exi$t (Jim 
Lardner) 

Implementation Strategy Report 

0 The report should be a dissertation on how to transmit a credible imate 
to potential users (Joe Harrington). 

o Need to examples, such as "here~s ... way to do it or to think about it". 

0 

An executive summary sort of thing (Wickham Skinner). 

There's a need to lay out some type of scenario that will fit ~ithin the 
implementation strategy. We need an example company from which we can 
reflect how business is accomplished and how company will be able to 
build f~ture operations using what's been developed on this program 
(Capt. Richard Preston). 

o Identify how a company operates from a systems viewpoint. A scenario 
case Apply developments from this project to that scenario case and build 
upon it (Harvey Buffum). 

o Possibly expand Ingersoll Case study. 

o We need a macro view of what's goir.g to be different between today's 
operations and future operations. Key in on those major areas of 
change. Develop scenarios to discuss differences. Look at successful 
implementors of change. Define what are the implementation steps. Ka~e 

clear assessment of these enterprises (books could be helpful). Look at 
companies who have moved the farthest. Look at the organi~ational 
changes. What was the role of top management. What r-ole did ·~EO have in 
addressing resistance to organizational change. Also, look at failures 
to see what were the causes (Carol Born) . 
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We need sometbln~; to prcillote the re~ults of this project which will 
motivate readers. 

o Implementation str&tegy ~hould contain signposts or definite goals to be 
achieved each fear (Ken Lillie). 

o Define mechanism of technological evolution (Wickham Skinner). 

o Implementation ought to be carried out in a novel manner. We'll be 
breakins down new ground (Joe Ha:•in~tor.). 

Marketing the Technolo;y 

o Present State-of-the-Art '!cchnology may be a real handicap. Islands of 
technology are available, but the integration technologf to put it all 
together is not available. A possible cause cf this technology void may 
be the lack of dem~nd for integration technology. Simply, the management 
market is not ready. Therefore, the technology hasn't been developed 
(Wickham Skinner et al). 

0 There's a marketing job to convince management that you must do it (Jim 
Lardner). 

o There's a critical need to sell what we have now (Harvey Buffum). 

o If we are to meet Factory of Future objectives, IRH will demand senior 
management attention. 

0 Advantages of new tt:chnolosy are 110t in old-fashion productivity or cost 
savings. New technology will b~ adapted for flexibility so that more 
engineering changes can be made, more models, and more customer specials 
with shortEr lead times. To focus on productivity in a broad sense may 
be counter-productive. Too hipped on productivity. "Competitivity" may 
be a better term. In other words, we should stress competitiveness 
(Wickham Skinner). 

o CEO needs to understand the strate~ic issues and the competitiveness, not 
the technology (Jim Lardner). 

o Managers don't always know what information they need or how to use it. 
There is a tremendous job of educating the manager, especially since 
there's been a lack of management involvement in the process (Jim 
Lardner) . 
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o There's a signific&nt problem in ~ettin~ manufacturin&·m&na~ement p~ople 
to understand the problem and the needs. This lack of unde~standin~ will 
not be resolv~d by bringin~ these manager~ to a conference because 
directors will not as~ questions in.front of their~staff, as they will 
not want to expose their lack of back~round. The sellin~ job must be 
done on a one to one buis. It will remain difficult t::- corm~unicate with 
di~ectors until this is accomplished. We must also reach th~ir technical 
advisors, i.e., manufacturinG mana~ement <Harvey Buffum). 

o The one on one approach is insightful. Do we chan~e people throu~h 
documentation, models, or d~ductive thin~ing? People will have to 
develop the concepts themselves (Wickham Skinner). 

o If you wish to sell Computer Integrated Manufacturing to Ind~strial 
People, the ·ultimate tnmsmission of information and convict1on of a 
buyer is done on a one to one basis. Make 500 slides and call out a set 
of slides which fit customer needs, i.e., tailor the slide show to the 
individual. In ruch a w&y, we can attempt to transfer. a full blown 
concept of a credible vision of what the factory in 1995 will be to the 
user (Buffum/Harrington). 

o How can we get people to listen to us? How do we transfer technologJ? 

10~- creators of software, leaders and inventors of new technolo&y 

20~- early adapters, gamblers, if it looks good 

30~ late adapters, if it works completely, will buy it off the shelf 

40~ - reluctant dragons who will adopt only &s an answer to bankruptcy 

It seems probable that it is the 20~ early adapters which the coalition 
wishes to reach. We need to reach the Director of Ope~ations or the Vice 
Presidents of Operations who will really control where those companies ~o 

and who are technical advisors to the Chief Executive Officers. We need 
a champion in the company to make it fly (Joe Harrington). 

3.4 Comments, James F._t.ardner, Vf' Deere & CO!!!£!!!..I 

This section contains the letter written by James Lardner to the 1105 
coaltion concerning the meeting in Dayton, Ohio, on the 4-S Hay 1983. 
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Mr. Don L. Norwood 
Vought Corp. 
P. 0. Box 2ZS907 
Dallas, TX 75265 

Dear Don: 

DEERE & COMPANY 

(E· 
3 June 1983 

FTR110510000U 
29 June 19841 

I am sorry that I have not responded to your request for conunent earlier. 
After our meeting in Dayton on 4-5 May I had intended to get this letter 
of! inunediately. Obviously other things interferred which prevented that. 

In thinking over the things that I believe need to be cons1uered as you refine 
your Systems Requirement Document, there are three areas that come to 
mind. The first is that to achieve Computer Integrated Manufacturing anc 
the Factory of the Future we absolutely must address the data management 
problem. I think that in general your coalition has done a good job of 
identifying the majority of the elements involved in this problem. I do 
not think, however, that the problem itself is stated clearly enough for 
those who are not closely involved to understand what it is that all of the 
t:ystems effort is expected to accomplish. I am thinking particularly of 
senior manufacturing executives, corporate officers, government decision 
makers, and so on. 

While your diagram entitled, Factory Of The Future Framework, used 
throughout your presentation to illustrate Needs, is an excellent start 
I think it could stand considerable refinement to distinguish more clearly 
between the data management problem and the specific use of data to 
manage and control the transformation operations. An NC program is 
basi_cally a highly distilled data set derived from a much larger, broader 
set or sets, most of which also serve many other needs. It is managing 
the process of creating, transforming, deriving, interpreting~ transmitting, 
refining and distilling data that is going to be the key to integration. I 
think more work needs to be done in this area. 

The second point of concern is the unevenness of problem identification, 
statement of functional needs and system requirements. A large portion 
of this is· very well done but there is an important lack of specifics in many 
areas. I recognize that at this stage of the project there is still a great 
deal to be defined, but a number of objectives listed as systems requirements 
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are far mQre manag. rnent dependent than system dependent. There are 
also aome objectives li~ted under system requirements for which 
insufficient technical knowledge is available to satisfy them. Sooner or 
later this fact will have to be recognized where it affects systems design. 

My third concern, under f1mctional needs and systems requirements, i• 
that I am not sure that"all of the functional needs that are listed represent 
the "to be" situation. In our experience at John Deere we have found that 
establishing needs on the basis of what people are doing today is a poor way 
to approach the problem. Where we have been successful is where we have 
determined: First-what is it people are trying to do: Second-should they 
really be trying to da that or should they be doing something else? Third­
once it has been determined what people should be doing, it is necessary 
to establish the best way to get it done. We are so bound by the world 
around us that it is often difficult to recognize the problems we are 
solving should never have existed to begin with. This suggests that the 
Manufacturing Architecture (which rn.ost people agree is generic) is the 
proper basis for your approach to the Fac• ~y of the Future to make sure 
you aren't solving problems that manufa.cturi!lg organizations have 
invented and which are not really part of l\-fanufacturing. 

My .final concern ie the inc rea sing evidence, in all parts of the !CAM 
program, that knowledge gained from the research done in other projects 
is not being applied sufficiently in associated or dt!rivative projects. I 
cannot emphasize too strongly that the PDDI project is a critical element 
in the entire problem of data manipulation for manufacturing and it 
deserves your earnest attention. 

I hope these comments will be of some help. I will be glad to discuss any 
of them with you if you .feel that would be worthwhile. 

Yours truly, 

JFL:pb 
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3.5 Co~ents, ~ickham Skinner. Harvard Business School 

FTRllOSlOOOOU 
29 June 1984 

This section contains the letter of comments written by Wickh~ Skinner 
to the 1105 coalition. Mr. Skinner attended a briefin& of the 1105 project or. 
4-5 May 1983. 
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WICKHAM SKINN~R 

308 STRAo.WBBMRT HILL ROAD 

COHOORD, MAo.SSAo.ORtlSETTS 01742 

Hr. Robert Horaskl 
FOF Project Hanac;er 
Vought Corporation 
P. 0. Bor. 225907 
Dallas. !etas 75265 

De:1r nob, 

FTR110510000l1 
· 29 June 1984 

~~ay 20, 1933 

t enclose concnents ·.1nd su~;;cs tions co:-.ccrnin;; "Tilsk n: 
Es t . .Jb 11sl'lment of t\1.! F .Jc tory of t"le Future Conceptuill F ro:mei;ork.'' 

Thls report is submitted with great respect for t~e massive and 
t~ou~htful efforts invested by you and your colleacues in t~is 
dullen:tn~; project. SJ.nce my assignment, ~~o'loleV:!r, -...;Js to "-::::-.phasi::e 
su:;:;estions for i::~provin3" this cocument. 1 h<:~ve allotted r1ore sp.:.ce 
to su:;~ sug~cstions and ideas than to cot:".pliments, muc!'! as tr.e)' a:-e 
deserved. 

Please call or l:dte 1f you h.lv~ questL:ms. 

WS/stl 

Enclosures 
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OF THE F:•CTOR'." OF TllE FUTtr:l.E con::::P'!u·.t FP.M!E"rior'.l:'' 

The "Task B" document is a remarkdble achleveoent. lt is -Jn 
eatraordinary col!ect!on ~hie~ lists t~c tatikS involved in ~anu­
facturin::, ard verbally and pictorially diagrams their r.:ultitu<!c of 

·interconnections. int~~al dependencies, and lo~lcal relations~i~s • 

\ 

• \s such f:t appears to be an extraor~in.:ld.1~· r.onpl<!t~ :axon->c:y an-1, 
b.lsed U?On its cle<~rly ambitious objectives ::s to ::or::&>lt?tc:n<!SS :1nc! 
realism, it cannot be consic!t!red .tnj·t~in;; '.Jut an outst-::1nrlin3 
success. 

In p:lrtic:tlilr the docur.tent m<~kes a superb and inc!eed unl':~C 
contribution to~ard a new undcrstanl!in:; o! the f.::~ctory .1s .a c!<~ta 

processln; systeo r.:lthcT than :~s an essentially ph;slcal operation 
~!tic~ transfor-:ns mHerials lnto J:lr.ociucts. In t~is sense, the 
doc~ntent's key contrib,Jtion to the ''f.:~ctor:; of t!~e future" is thlt 
one po~erful idta. 

The idea is of kc~· importance: i! r::.:tn:13erz and en,;inr:ers ••~ 

to ta:te ac!vanta;;c of nt.,.ly avai!.able tec:1nology and conc~ive • 
build, and successfully operate radically neu factories which out­
perform the factory of today, the)· :o:tust c!;anbe t:1e present min:! 
set. The present mind set, established t'.:o hundred years ilJO by 
new sources of power and mec~1al~icat machinery in t:1e industr!.al 
revolution and reinfo;;-ced by Fredt!ric~ Taylor and generations of 
cost conscious m.:~na.:;~•s, conceives of tile factory as a "procuc­
tivity l!li1c~:ine" for trar.s forming m.:l terhls !.nto products. :.11th 
this premise the factory ls planned for minimum direct production 
costs and 0overncd by the prlncip~es of iuciustrial enJineerins and 
concepts of "efficiency." 

It is this seductive and habitual pattern of thinking wr.ich 
is not only directly causing p=o~le~s todayl but holdin~ back 
progress in pra:tical innovation leadin; to r~dical c:~nges needed 
for a "factory of the future." \.':1en the factory is perceivec! by 

. ------
t. To<!ay's problems include ;lOOt' CiUalltj". hit;h overhead and indirect 

costs, work force c.tanagemeu t tem: ions and conflicts, len~ thy le.Jd 
times, excessive inventories, s:~orta::;es of skilled workers, the 

unattr<~ctivEncss of t~e factor1 to outstandin; youn& people, and 
the genera ll.y !.o'• cs t~em of the •.;orkin;; popul.Jtion for t~~ factory 
as an instit.Jtl.l:l in -whic:• to in-.•cst one':; ca·rC'er. 
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WICKHA/1\ SKINNER 

oae SI'R.&WI!SERRY BILL ROAD 

CONCOICD, MAS!I.t..CHUSETTS Ol74a 

FTRll05lOOOOU 
29 June 1984 

Lnves tors and rl«nazc rs as ., superbly des lJncd .Jnd coordinated ~J ta 
processinz opcratLm to be used ~s .a stratei>ic coc:~petitivc r~source 

it will Le uo.:Sif)ntd, e~ulpped and t·1<lM2,ed -.lto;:;ether di.ffercr.tly 
than in the past. !'tiS !ask il dOC:.t:nent r:.-.y help c:any ::'CJders tl) 
shlf~ thelr thin1:ir;;; !.n ::h~t direction anrl to t~1e e::tcnt t'-.at :::,at 
takes place it can Le considered a success. 

That issue of th~ extent of its i~p~ct is a sPriou3 o~c dn~ 
it is the issue to ,.:,ich r.1uch ,,f this report is now -!ddressed. For 
I have considerable doubts th.Jt tr.e '!.:J:;k B ~OCU'ltent as prcsentlj· 
con:;tit;;ted '-1111 lto.~ve ne.ul:: the i.nfluencc or results that rou,. 
ils c~utlwrs, the .\lr F"rce, and ycur revic~orers h::>pP. lt ... 111 ac: • .LcvE. 

:·1y re~sons for these concerns wi:l be det.Ji!.ed in the pac;.:s ~o;h1c::1 

ft>llo'-1. In surnrr.ar~·, they hove much to do wltl-t pres~ntation 'lnd 
i~~le~entdtlon strategy. 

Tl:c prescnt.ltlon is E,. .-!ntiall:r f1<~•..;cd bj. "overki:l" - .Jr. 
e:r.c:essive effort to be COC!pl~te -1nd ex:1austive; it com·e:rs aa 
ovcrpowerln~ sens~ of beinG t~c product of bcliavers and ~nt:~­
siasts talking t0 cH:'1 other. Ihe ir:tplementation str.Jt~u:l w:1icn 
is n<>t ~Jnly set fort~1 expl icity in t~l.Jt section but, cq•.:allj 
iraportant, ls b~riecl irnpilc:.Ltly throuc;hout the entire docuu:cnt, 
seems to rel; ;nuc:, more on t~e ideolog~· of s.:>r.c inevita\:;1::,· :;reat 
bcn~flts of computer-in::.e;;rated t:t.ln~f.Jcturinj; t:1-1n on an:; sober, 
rc'llistic, appraisal:> b.-eked bJ econorn:;.c: oo; case data setting for:::: 
n~t on!y costs ~nd benefits but t~e ab3\Jlutcly enormous proble~ 
3nd risks focin~ ct>rporations Jnd man~ 0erial careers ~s we ~~ope 
our way to~~rd 'l futur~ factory wnir.h can ~e a ~ore successful 
institution. 

Is thls a fixable set of problems'? I '.:lelteve cuch can stil: 
be done and m:; su~~estions are directed tow~rj this ?Urpose anl 
intended to be .iS constructive <OS possible. Can your present 
coalition do t~1c fL~ing? acre I am more pessi.clstL:. ~ot onl:t 
is it hard for dut:,ors to edit a m..1jor shift in tone and content 
into t!a:ir own ;, .. ,c: worked product, but I h~lieve you will neeu 
some ne'-1 resources - some strong, hard-nosed skeptics arc nePded 
to chanse the tone to a more balanced, ~e~llstic, nuts and bolt~ 
and facts .Jnd fig~res content. Your p~ese~t zroup repres~nt too 
much the optimfstic ';:>elievers, sh~kcrs and movers, the n':!ar relit;lon 
of C:•D/C:,}!/CI!~ and total integration. This ch.1n;;eover '*Ould be a 
blg job; it comes· hte in the game, and you c:.:ly \Well dec ide not to 
m.-Jke that additional invest:nent ln spit~ of this advice and :;o with 
what you have. 
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CONCORD, MASSACHUSETTS 01742 

II. PROBLEMS, CG~lEm'S .\ND SUC:;CSTIONS 

t.. PRESEifL\nON 

"Rl10510000U 
29 June 1984 

1. It's too u:•Jc;,, too bi;:;, too thick, t.Jo conple~;. It is .1 

catchall, totally overpowerinB, in ~n attempt to be co~pietc 
and t:1orout;:l and logical. 

It co101~s acr.Jss as a corrmittee effort in which every ::~ernber's 

ccntribut!.ons have had to be rcspectf;.~lly honored. I believe 
the length and volu~ could be cut by 507.. 

2. Tbe tone is too dream)' and idealistic. It is one of 
believers writing to believers. It is a rhapsody of gypsy 
violins liltinJ into the twili3ht; it ~kcs assumption upon 
assumption 3bout tlle magic.Jl benefits of all t!'lo.~t is propos~a 
but off~rs few ~xarnples or even clear facts as to t~ese 
ac!vanta3es. 

3. The presentation fails to cite many specific probl~~ in 
debug~in~, start-ups, integration, costs, investrncnts, 
breG~-ev~n lcve ls, .1nd fle;;ib il i t;J Cot: c han:;cs in -,..o lu~". 

4. The report is lo;;ica 1 and colnp!.e te to t'h~ point of hecomin:; 
an academically pure eKercise of its own. In t~ts sense it 
does become a cleanly cor.tpartment.J!.ized t:1ing of bt~n,al 
lo3ic and bo!..Juty. But to the heathen, the skeptic, a~nost1c 
or dis bel iE:ver it c1ay co:ne across o~s .a collection of wish 
lists. 

5.; ,'!he report lacks clear "~1ow to do it" statements whic:t c.Ju~c! 

become britl ges to il:s !c tua 1 use. 

6. l:hat, indt,>etl, is t:1e potentia,_ user to do ~.Jiti1 thi.s document? 
Is it fnr t'te CEO? No. Too lon~. The manufilcturin~ "17!7 
No • still too long and verbose. The cadre of plant rrwnJgers 
and production wanJgers? M<lybe, but they are apt to be 
cautious, s!~rt rilnged ln thtir outlook a~d frequently sar­
castic about such proposals. Staff en&ineers and planners? 
Probably they ow ill be the main readers. B.,;t many of them 
are often alre!dy sold on more automation and are quite 
fnJstrated; like many of the T.1sk B coa:it1.on aut:tors. They 
need ammunition and concrete persuasive d~te, not taxonomies 
and loeical maps of the interconnectedness of zll factory 
d:sta. '!l1.::,• .:~re "out" of ti,e mainstream but to get "in", they, 
too, need ;n.>rt! pract~cal, d.o ... n-to-e<~rt'l advice. Professors? 
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Yes, sure, ~any ~111 love to read thls. The concc?tull 
ne.Jtness i.> <> ::;t~n~ ;,( beaut;;. lt uill .Jttr.Jct ::~.·n:: ac.l<'c~lcs 

(.lnd :1caven ·-.~:?us..~:~!) • .:>.J t'w 1:...dicnce -tnd t'1o;; \JScr is 
a ~roblc~ an~ t~ls nerds n~~ •ttcnti~n an~ a ~ccisiu~. ~rte: 

· .,.hic!t th! rc;>ort could b.:! re-_cdit-~d •;tt'-1 a p.Jrticu~ tr 
audience in ~Lnd. 

7 •. One possibly us<'!ful apilroac:t Hould t-c to vlc01 t'tc tlo:,::-L·~:. 

as .J tedc~ln~ ~c~Lc~ and rcvle.,. it ca~plctely fro~ flr~:. 

~~~ to last wit~ t~.Jt ~urpose ln cinrl. 

n. What tl.e <!ocu:7.Cnt Ls anc! is :-.ot: l:~·.;t t~~ COC\..T.\Cnt 13 ~~ ,] 
m.lrvcl,Jus ly Jnd tno;~ttious 1;· cone~ ivcc set .)f concepts ~t-o'.lt 

factories. 7\-.t> conce;>ts in f-1ct .;;,•J~d t-e as true of a 
fdctory in lf,BJ .JS in 193:! or t::c t.l..:t.:>r/ .lf :.he f.oture. 
ilh.:Jt t~·.e d.:>cur..,'nt is not is a r.:>.Jrl ::-. .:1p or instructi .. m 
manu.:Jl ilS to :~ow tO 0 i!t titcre fr0r:1 :u!rC, !;;:,w to brin;: 1~.);!t 

ch.Jn.;e, h0w t·J convince t'1~ skc;--tlc~, :,cut.> .;'~in ~tr.:~tc.;tc 

advanta~e fror.t new tecr.nolo::;:,.·. 

9. ':'he d.>cutaent 1.s .1 forecast of a .:.-rtJin .;rou~'s notion;; of 
hou 11 r~cto:-:1 of t:le future ::~i.;~t be conc~tv~<! .:lnd intc:;rJtcd 
and operat~,; 1s .1 syster.1. I .11:1 :tuLte certo~in, ~~o-..evcr, tha~ 

~nothcr ~roup, ~lvcn t~c ~~Ge 3Ssi~n~ent, co~!d dOd woul~ 
come up 'l.iit!·, a ;uite different fo:-ec:.ast -.f vJlld and us~ful 
concept3 for 3 future. r.:~dicllly c~.1nce~ f3c:o~y. ~hy is 
t~is so? It J.s bec.1•Jse t:·.er<! is no on-: ulti::tlte <!~si.:;n fo>r 
a factory - even a very ~cneric dnd t3sic onz - ~nr rrorr t~.:~n 

for an airiJ'..:Ine or bo.Jt or ml)d~~ clt:t. :1c1~tl:l tLou:;:1t :tc 
had one for physics. 

10. This b lr.tpo:-tant for it su:;:;ests t'1.1t t.1c process of 
derivin:; sucb .J concc?tual sche::1e h as or r.~orc kportant 
than the end product. You and your te~m have been through 
t~1is process and it has unt!oubted~:; been a trc::cndous 
learnin~ ex~erience. 

But picture now anot~1er team or ;~ sroup of corpor.:~te 
executives, s~y from TRW or Bendix or Bor~~arn~r. They 
are given your product. Not having participated in tl.e 
process, your product me3ns little to t:1t!m .tt first. But 
to use it is . .J :!eductive 1lt'occss, ln COGnitive lan~uase, 
whereas invcntlnz it Y~s ln inductive process. Ihe concepts 
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loiC develop inductively frO!'l out" o-.;n ex~;>erience hdVC :nuc~ ~ore 

:ne.1nin3 to us tho~n those h.:~nd-ce:..ivcred,fu'tlf formed <:onC~'{'t\ 

developed t)' ol'li:!rs • 

• \11 this su;;;;~scs tlt.Jt the prescnt.:~tiun mi,;:1t he ::>or.: 
effective !f :t could take the rc.:~dc~ through t~e prucesJ 
t;1e cec1m \oent c:1roug"t 1 :ather t'l.1n dcl[verin:; it all .:or.­
plcted 1n .:1 fin..tllzed. polis!1ec for::~. v!1tc:, invites d1sl::elief 1 

res is t.:~ncf' • a :td t~e not -11wented -h'!re p"tenOI'Ienon. 

11. Conceptuall/ .1nd prlctically. the coJJlttion u on thin h:~ 
•nd. !.• m~ -'jlinion is probablJ' serious 1;,- in error to so c~n­
sistently ulrectly state and constantly 1ro.fer the necessity 
of a tlaht 1 closed-loap inte;ration of dat~ ~andlin3 and 
processin& Ln the future factory. A different forccdst ~1shc 
anticip•Jte many closed-loop systems wit"t More !luman ir.tcrf.:~ccs. 

Th!s prrdictian is supported by the follo~inc 

• major 1 even disastrous probleMs 1n startin3 up anJ 
"pcr'ltt.n~ (~ven after t~lree or four ]C·•rs) co~~~~:<. 

l~r~e. cl~scd•loop tnfor.~tion systems in u.s. 
ind.Jstry. 

- t.he ·iir<:ctlon and pole~ •Jf fa..:tory a'..ltomation to c!"te, 

t:1e prohlcons involved w1t~ cv;;n modestly sl;;c•: "i:; lln<:~ 
()f .::tt:Jm.t t i<ln" 

- t:te l i.:t!ts of t:,c coru?~ter in ia:l:,in:; juu.:,ments 1s 
coo.~.~.~r~J to their :;>o\i~r .1~d efn.: i~>ncy in searc!lin~ 
and c o:npu t.a t ion. 

!:! •.• furt~er conc<!rn ln pred1ct1n:; <~nd recorrmenc!1n:; sucl~ a hig!-1 
de3ree of inte:,;ration is t!1..:.t .,r fdghteni.n,; or turnin:; off 
potential eJrly .1do1ptora by ma~ing the invcstr.~ents and ris:u; 
appear (tu L'r.Jct iced dec is 1on-~nkcrs) very hi~;l. 

13. !he experienc<!s of the J.1p.1ncse 1 G~rr.:.Jns, .:.us trlan!l and 
Frcncl, support a more evolutionar-y. sradual 1 .-•nd modest 
appro.1ch to f.Jctory automation than that w\,i.ch seer:IS to be 
<Jdvoc3ted iu t:,ts document. !n its presentation, therefo:-e, 
1 '-ion!!er whct:u!r you mi~:;ht introduce so.>me of this evidence 
dS a ~Jy to rc.Jssure your rca~crs th~t step by step evolution 
is sensiJlc and may lead to more pro~ress .Jnd steddicr pro~rcss 
t~loln Si.lnt lC..JI?S • 
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14. Simi!.Jrty t',,: rt>p.>rt ;.>Ou 1 ~ be sob~n:' anc! IT'.ade r.~orP. pl.tusl':l!t:: 
bi' intror!uc in~ mJuj r.>ore ex:lrn;>les c•f tOl<! c~ppro.1chcs tak~n 

!-~ere .lnd dOr•1•>J onu t:u:., t>vS 1tlvc Jn-1 n~,;~i::ive lessons Sol 

le,lrncd tn t'~c iJr::>ccss.' 

~. T~1rou;:;hout t!,t! document it is irJptie~ t!htt ili_ f..tctory 'lf 
the f:uture is u :..ind of entit: t'~at · .• .:~u:<! ,,,.Jve vcr:i s !.::1i~.l: 
c:hara..:tcrLstics for comvanies .\, B, c~nd C in t::e sar1e 
irrdustq•. '!his cannot he correct, fur ec~c'1 co•uc>-Jni will 
h~ve it3 o~n uni~uc competitive position and str.Jte~; fv~ 

c om;>et 1. t i vc ,, Jccess. F 01c tort ", to bt: '"' CO!'lpe tit i.ve a;,.;(' t 
for Cmu;>ani .1 'IOit l ilo1vc t::> '.>e p-.~~·t ic•Jl.lrly c<~;>lblc of 
certain ?Ctfor;;.an::e cdterla lolh!.c;, '101.~".. dtff~r fro::~ t .J:1d 
c. 

This inference of sauencss creates klnd of a never-never 
land for t~•t: 1mp1eLlentor wi10 ncP.J.i to '1.Jv.: e:t;l..rincc: :101; 
s/:,e .:all :na::ct t:u: nec~ds .Jf :.:1.ai.r O\Or, unl.1ue sit~..:.Jti:m. 

This is ~roba';)lJ not :,.:~rd t.:» fL. in t:1c report b.;t ~t 

needs fi;.;in;;. 

2. The 't,ople. . .;til~.Jtion str.::te3y sc.:;;:s 1~e1~ in t'::~ foll~.:..r.o3 

resv-;c t:. 

- it luc~s t!Jo:;i"''1l.;;s .. n<! .:as~ hist->ri.•'3 
• it ll.:.k~ OC\JU.Jr:>lc dat<l 
- it nc\•cr JnS\H!tS o.:ompdnJ' conc..:n1s .tbout how to afforc! 

massive hwcst~~nts in n~::~, fi:;~rl c.Jsts 
it c!ocs 11->t Jed:. wi.th t'1~ new an;! :.ldlc.Jll:r c~_~:>f;ed 
cost mi~ :o ~~ cxvected in t~<! n~~ fdctory 

- it d<>L:l n•lt dt!al eA?lictt::r (i.e. \oiith .:;ood e»Jmplcs 
and rcass Jl".Jn..:es) with the b-J!' i:1e!>s .1nd c.lte(!r :is~ 
the new tec:mll:OJJ scene; to offer 

-it L.1;>li.:s sln~le soluttons t-:> ..:o;uplex ;ucsticn:J suc..l: 
as hulo to or;;3r.ize t~~ futura f.lclvry 

• it lacks tic;>t:l in irr~ple111entation for it stops in 1:101ny 
pl.:~ces ~t offcrln; ~ere c~cck lists 

!. Sec c'•p{'endl:. .'., • SlliTic I'reliminat"y Finc!!.n-;s :::o~.l t!:e author's 
r~seurci1 on tht' iHLroductlon of ne1~ r.~.luufacturin;.;. t~chnolo:,:y 

in the U.S •. ,:. 
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3. ! wvnder 1/tPt1•er !.t !:'li:.;!1t be ,~:Jssihl~ to t~,rtr.::.y scverdl 
sccn.1rios ;,s f~asible :nodels !Dr 111ovin0 to ... -trd t!tc future 
Cac tory b.ast'c:' on recent cor?(]ny his torir:s. In oti.~: r 
words, t:1<:re is rese.lrc:, d.Jta. avail..J~'lc anu situ.Jt~ons 
whlc't co'll!! no., be rese.1rcheu ~J:1!.c'·t tloul,l he.;in t.> n:f ... a· 
yo11r re.J•h:rs svr.:o:. .Jclvi..:o.. t:; to ~.>t:; .~it:fJ:.!.i anJ S'JI:CCi ;fq1 
new ~~nuf1.t~rl~~ (~cilLtL:s. 

- "'!;ere, ~o::t.:~ and how t:te project .;ot started 
- t:.~ conce.,tuJ l des i:;n for t:~o t t: ,e; .>t<~ rted o•Jt to ·.lo 
- hoi• t:i.:: ;>•·~ject was ;;JanagcC. 
- 11\Jw t:1c C.liJit<~l upprO?CiJ~io~ \.iolS c<:scirbe<:! ~nol prC3·~:l~..:.! 

t.J tv? .. o.Jr.-;.;c::,.1Cilt 
- t:,l! L·ol.: •>( t..>~· '"_.n.l_;cmt!nt 
- ~etLan ~nd rcJults 

5~ T~t~.: re;JorL :.s IOColk.:r t::.1n nccc.3s.n:: in rc:!tb;,; L~?lc:tcn­
t;;tion aoiCl i.'~Su!.tS to tre r.c:tJS <.n.::;sb. (7':lc llCCCS 

.ln.Jlysi..:l, illd .. lcnl::dlly, 1.:. ver) l.t-~i. ..:~.'I•'-'• It r.>~)rt:.H.Llt:; 

.1 ;:.:Jl stl."<.n~>t:1 <Jf t!1is wvrk.) ~iere is ..J t:i.; o~~,;:-. l":.>P 
\o:loi-:!1 CIJ~lJ ':Jc .:~OSCG bj clC'tnOOHC·Jtiro.; ju:;t ;lv·.; t:!C f tl•zr~ 

f-1~.: tvc; d . .,;!1t Jc1l!ress present r.o::c.cs .Jnd f.J'l.ldolln:;. 

6. ;,s the ;;rouj> <.li:>cussed in Dayton, w'u~ h neelle-.1 is ·l s!:<lrt 
statement f<lcusin:; on "wh<Jt.'s rea~l;,· ·liffc:-ent" <1bout tl-c 
future f.Jc t.>r:t• In this lon;; Jod cu.11iJ le:< .:mel ove rl.:>ac!.e.cl 
docur.tcmt, th~ reauer can never get ln .:>ne plact what is to 
be diffcrcr>t in costs, bal.:~nce sheet. perfo~ance, fle:d­
bility, service levels, ~nd life in the work force. 

7. The ltum.Jn Resource IDanagement section is ok as far as it 
goes, .Jnrl, ln f<~ct 1 it is ~oo~. But it could be more 
e~plicit .Jnd draw on t~e literature of work rcstructurin~ 
so ~s to off~r more conccrninb the prut-.lble 1:-:~p.lct of t!te 
futurn (i.lct.Jry on job cont<'nt, sktlls, t!le \,lt.:L, the 
experienciL10 of f~ture factory life, ch.1n;;es in t~1e job 
of the suv~rvisor, ?lant mana~er, la~or relations, dnd 
personnel officers. (See •. ppencH:.,; .1.) 

A-24 

'· .~ 



, I 

WsesKA.M SxlNH~R 

~tiO STRA.WIUtaaT Bll.Z. ROAD 

CONCORD, MASSACBUS&TTS 01743 

FTll!l0510000U 
29 June 19&4 

8. I expect the mAjor advant4bes of the neu f~ctorles to tc 
strate;Lc on~s. allcwln& c~npanies to move (dster Ln n~w 
products, o!fcr .& greHer variet/ of short runs •nd customer 
spc::~&ls, r:>Ore ..;onslat~ntly outst-Jndln.; qu<~li.ty • .snt! 111ore 
rapid deliver:·. !lt1.:1 13 tO\lche<! on ln severJl tlldccs :ut 

~•s /s tl 

1s never r.J.,l<;!~ t~e outstandlns eiii;Jh.st~.: ;>olnt lt shouic b<!. 
:" (act, t:1cre cJn be no operatlon.Jl reasons suff!.clcnt t.> 
justify t~•c enor .... h>US lnve~tment o.nd risks in th~ iuture 
hi:;hly ttel:.anL,.ed factory. !l1e ~"'Jilffs ~ust t-e in strJtc::;lc 
leverasc. 

Wick!lam Skl:mer 

1. ~ppcnclx B Is d ~orklns pJpcr later ;Ju~:Lshcd ln the Journal of 
Business Str~te~: Vol, 3, No. 4, w~1ch focuses on the strate~Lc 
arlvanta;:es of t!lll new P<~nufac turinz tcc:motoc;y. 
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3.6 Comments. Dr. Joseph Harrin&ton, Jr., Arthur D. Little, Inc. 

This section contains the letter of comments written by Dr. Joseph 
Harrinston, Jr., concernins the brieflns of project 1105 in Dayton, Ohio, on 
4-5 Hay 1983 
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ICAM FROJECT P~I0RITY 1105 
E3TABLISHMEIH t)F i'HE FA•:Tnr'{ t.JF THE FUTIJRE FRAMEI..J(,R._ 

Comments of Joser:h H~~"•·in~t:on. Jr., f'e~ardinq 

Meeting ot M~y ~ ~ 5, 198J at Da~t:on, vhio 

In a<!cordaf'lce w"S.th your l'"eqLte-st. this :et:. of ccrroiToent: 
will be addressed ·-:o tt..-ee PClnt:s: 

I An assessrr.ent: ot ttoe d<Jcwroent;; Fres-:nt:e-d, ·;o, 1~.:.[., ,;.n~ 

SRC iparticul.:: ·ly tt•e- ldt:t:-:r 1 and ttoe condLtct: ot the rl'!~et 1•·.g. 
II Thought~ on th~ CanceFt:Udl Syst:e~ Spe~1t1c~t1c~~. 

III Thouqht5 on lmr:l~m~nt~t1an St~ateqy. 

Friority 1105 is an E':t:r.o>rr:el'=! t:oLqh a::13r.1ToEnt:; SCI"o.e rrt1~·t: 

consider it: an aln.o;;t inoFOEsibi£> t~sl:. I .:ur, m.~st. irroFre:s::-! :,qtto 
the work which has be-=n at:C:Ofl•Pll'!hed to date, .ond t:t.e 
pre5ent.ation of the dccu~ents. The meetinq 1~ which th~ 

coalition solic1ted the advice and comments of a panel ot t1ve 
experts w~s most: eftect:i~ely organi:ed and run, and elicited ~~o~ 
responses. These in turn elicited t:hought:tul reFlies rrom t:h~ 
co~lition members and t:he IC~M off1c~ Fersonnel pr~sent. ~ll ~r 

thi: bodes well tor t:t.e ,·erroc>.inder at t:t•e project:. Tt•er~to•e. 

what follows is to be ta~en BS construc~i~e de~.::1led com~~"~~. 

which you requeste~. 

I ASSESSMEtH OF THE [)(t(IJMENTS Arm THE I'IEET Itl·~ 

The first document iss~ed in this projec~ w~~ tha: Sccrtn~ 
Doc:Jrr,ent:, whict, alrr.ost lrr,rroediat:el':l presents tt.e f-•:tF . AIJ l . .'ia:;,..-3"• 
and th~ corres~onding Node Di~gram. Ray NEal as~ed SFE~ltlc~liu 

if we thought that th~ team had act~d too quic~l~ 1n :ett1n1 tn 
position the si': fLmctiona! bo;:es. 

I ~end to thin~ that present: daw organi:~t:1ons ~nd r:res~nt 

da'=! corjcepts of the AS IS functions did cast: a strarog st-i~dC'tl t:~r. 

this structure. It was modified as the project r:roceEd~d. b~t I 
see the structure a lit:tl~ differently, r:articularl':l as m~ ~ra1n 

at thought is predicat:ed on ~ ~~ner1c "manufact.urinq• er.~1rcn~e~t 

ratt.er t:t.an an aerospe.c:e environrr.ent: sell inq prlnt:iPally to tl':£: 
Go·•ernme-n t. 

I feel we should t1rst c?r~tully d~t1ne "F~~tor~·· a w0rd 
which is widely used tor ma~s ditterent: 3COFes cr dctiYity. In 
the NAD the term 1s defined. tut: I fear t:h~t ~he deftnition 
itself may r:r~dispose the c~ncept which is to be g~nerdted. I 
r:refer the term "Enterr:rise", a concept: nea~ly detin~d ~t t:h~ t:cr: 
of Fa;e A-4 ot the NA(;. Foll·~~~nnq tto1s llna: or t:hougt-ot. I so;.e 
four maJor divis1ons at an ent:erprise; if t.ht?':l we~e tun~t.1on 

bo~es ~~would label tha:m: Manage, Manut~cture. H?rte~. ~nd 
Support. <SuFPort tt.~ a:ntEr'Ftisa:, suet"• as ''Jlf:t, flnanclal. leg.o>l. 
pe.-r5or.nel, and de.t:.;~ J=ro·:.EE'iin·J services!. Ir, t:~._p•r., "Mc:\nut~c:t:ure• 
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~auld have four maJor di~1S1ons: M~naqe Manufacturing, Develop 
Products, Produce Products, and Su~port P~oducts in the Field. 
Sirr.ilarly, "Market:" wOLllJ ~.ave st:: mcojor divisions: t:ana9e 
Mar~et:tng, Assess Needs ~t M~rletplace, EstabltEh M~r~~t1nq 
Policies, Advet:ise Product::=, :3.:11 ProdLict:, Ser--:lce !=>ro·1Lict5 i~"' 

t:he Field. I at:tac:~. a nc•1<: .:he~gr~m trorr• "•':l ne•u tnr:;~ •u~olc~. =~·"='·•'5 

Hois st:ruc:ture, ~ure1<J tor ll!ustrat:IvE FurFo:e:. 

It IS obvious wh<J 
diagram to carr':l tao ITIIJC~• tle-vor at t:cde~y's a.;t··='SFC<'=E ta:!:·:~"'J 

:;t:ruct:ure. SAD Figr.1rE- 1- .. 1::: a SIITolle~r n-::co:? d1.?qr,;.:T., t;•;t , .. 
places management of the ente~?-ISE on a ~ar w1~h ·~,..Ovl~e 

Pe=aL•rces", "Frovir:Je Lcgt<;;t:lc 5L:pr::ort:". et:c. teeL ·1t =~·<:·•,lc 

~.ave a senior st:at:1.1S i:o t:t:esP. funr::t:tons. Als=· t~,e .:.1 r:od.::o 
"Pro~1de Customer Liaison ?nd 3er~Ices" IS reall~ cnly ~ FCrt:1:n 
of t:~.e Marl:et:inq turrci:ion, '.aJ~oilE .;o.not:~oer port:ton ot CLISt:crro£·"' 
services is o~er under Node A61 "Frovtde Field ~ervice". Eoth 
deal wit:h relations wiHo t:~.e user, e::t:ernc?l t:-:l H·e ent:erPrtO::'?• 
where~s t:he ot:her tunct:icns are 1n~ernal to t:he enterprtse. 

To answer Ra•; Ne01l'~ =l•l~st:Ion, t:l'ae'"l, I t~olnk 1:he~t: t:her·~ '•'"'"' 
t:co E?rly ;1 rraove In selo?·.:t:In] t:l'rec;<;- si·: ,.,c?.;or t-:J·:e:;. Ht:".Ue·-="'• 
t:he o::oalit:Ion l'aad t:o =t:.:~rt: ·s0rT•eWt'•E"'':!• and 1t: 1S QUlt:e 
underst:c-ndable t:l' • .at: t:l',;::•;:~ :;t_:;,·t:ed w1t:~. t:~o1s st:•LtCf:L,re. it: 1s n-:• 
as irrevoo::ablo? a Fos~ure ac; 1t: ~1ght: be. and I thin~ t:h?t: lat:e~ 

t:hin~inq, as ev1denced by l~t:er docvment:s. sho~s lec;s ot tts 
int!~eno::e. W~at ult:i~at:al~ emerged ~s t:he matn struct~re cr th15 
project: are the se~en nEeds c~t:egories. 
re~uire~ent:s ClrJsing out: or t:he~. Wh~r­

ITI·3nu t·ar::t:ur i ng s t:ruc l:u"'e:·, t: •,e ccn·:eF l:u<" 1 
of the Fut:ure will emerge. 

,:~rrj t:t:e s·~st:!::rl'ls 

t:hes~ ~r~ ::~Plied t:o ~re 

t ,.. "-' r-, e •.a.•-~ ,. 1. ::- t t: ~, "=' F ,_;; :· t_ :- • · • 3 

The S~st:ems Require~er~ ~ocume~t: is ~n 1m~ressivE Fiece ot 
t:-.::onorr.~. It is VE"'!:I tl'rc"'C'-'J~• -- Fer~r::OFS t:r:Jc. t~.cr-=•.:gl' .. <-"S Its 
very 5i=e will Frosclude? Frcper c;t:udy b'J r..,:.r•,i p~ople. It: <:~'•:L·l~ 

have a summary st:at:ement: ~t F~rha~~ a tE-n .. h cr t:he si:e ltl 
ACDITI•)N t:o t:he ent:tre doc:•.•rr.ent:, an.j I:1 a sep.;o,·,:~t:e t1nder. 

The k"='Y emphasis 1s on i:he Informat:Icn R~s0~rce Nan~qeme~t: 
subject:, as is Froper. The-t: <;~Ct:Ion of t:~.e dcc•.:rroert: CSect:iQr. JJ 
lS e~n e::cE-llent: e::po~tt:ion of tl'ae Slrbject:. I t,av;:: no =ug.,.:;cst:1or.s 
for changes in this sect:1on. 

Sirnilarly, ser:<Jnd err.p~.as1s is Pl.ilced o::n M:<nc>ge,..ent: ot t:he 
F~ct:or';;l "Jf t:l'oe Future, Sec.t:ton 4, .lagatn, n.ts ::ect:IDI"I sl'·ows 
e.'C€-llent: t:~ainl.ing, c-lf:l',o•.o•.,Jt-r If: CG•_old st:.:ond SOrTr<': Sii'loPliftce>t:ton, 
c? n d PEr ~~ a I= 5 S 0 llo E' C 1 a (' i f i ·:: :? t: I 0 .l IJ.'l t: t', E; :: ,; ITo!=' 1 <:' S , l t: t •::> r:: U 5 E> 5 0 n t t"o ~ 

sr::hedllling cond at·ct,.:;st:r~t:Ir::n·C!t.:. ':rerr.eild-=•-•Si':l ::·::>rr,ple:: :t:,..uct:•.lr~. 

Cl re:-1 cl'a.;.llenqe t:o t:l'oe F•.·~ c~nce.,:t:•.•.:d J=l,;.n, W-=:: -:~11 :e-=rr•t?d t0 

a g r e e t: l'o a t: w I 1: ~. 1 Fl r-1 1 r. ~ l ,:. :: e , t: h 1 ~ . t: ;;. !:': I ,.., ::: •. · I rj t"' 11 • ,_, ,: ~. e> ~ s 1 e r • ,.:. s 
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m•~ be seen from ~Y remar~s above, ~ee this tynct1on as 5en1cr 
at all levels to the functions bein~ mdnaqed on that leYel .• 

The third Friority need 1s the Product Det1n1ticn ~nd 
Planning Section, Section 5. Section 5 as amended is ~ract1c~ll~ 
a te~tbook by itself. This is where the coalitio~ has dep•rt&d 
most radi~ally from ~he ~s IS f•ctcry ~tructure ~nd thin~1~q, ~n 

wt.ere the gre:.t-=st e::p::;s1t:ion and s~lling etfo,...t ••nll be 
re,Riired. f'.eo::c.use it lS =•-•ctr ;:. l;2>rge so...d~ject, EitlfrPI ift.:c:~+:l.:m 
wherever FOssible 1s esse~t1al. 

I ccncur ~ith Puft~m and Lardner ~hat ther~ is~ l&~l~i·~~~ 

dtviston line tetween Product [et.tntt:Ion .:~nd Frod•.•cttcn Fl.,_r.nl~?. 

Althouqh the Frocess 1s 1t~r~t:~~. and move• b•o::L ~~d fort~ 

across this line, there 1s st1ll reas~n to ~ee~ a tvnct1on~r 
distinction b~tween the twa. True, C~G'C~M. Grcu~ Tech~ol~;s. 

~nd ~enerative Pla~ninq 3re emplo~ed 1~ both ~re~3. a~d ser .~ t~ 

t1e theru to;ether. !ut there are geed ~~n~qe~~r~ re•~cns ·~ ~~-~ 

them seFa~ated: M~n~1ement ma~ dec1de. ha~1n1 sec~~ det~tled 

d~sign and a model'demonst:rat1cn of a n~w ~roduct. net tc ~o 
~~e~d with its production. Or rnan~gemer.t m~y eleo::t to ha~e t~c 

so•.1rces of 5LIPP1'=1, e~ui~,::;ed w1tt'r dift~rent tCic!llti'?Si Uri=: r.,cr_rl :j 

rEQulre that the meld1ng oP t~e concerns cf ~rcdu=t JettnltlCP 
~nd FrOdLtctior; rrrettoc.ds b.:; dor.e twlC<h and.:eparat:el';l. I .:.lsc 
feel that there is a ~ery clo:e t:1e between Froauct1o~ Fl~rn1ng 
and Froduction. During th~ course ct the Froduct"s lite cyo::le 
conditions may require rn~ny adJustment~ betw~e~ these twc wh1c~ 
do not affeo::t the Froduct Detinition. 

However, there is a much closer tie betwee~ product 
definition and product:lOTl planninq than nc•J e.·tsts tn ITrri:lny 
establtshments. The con~e~tual desiqn wtll ha~e to wrestle w1th 
this Fro:>blem. 

We d1d not: ::::e': 
too tr••-•cto di::::ussion, it an'J, ::;t this ser:t:ton. b•-•t I T'e<:?! it 
missrsas the me~rk rather b.:.dl:;~. This rrray t::e te-=c:·uEe ot t~·E 

ov~rhanginq tntluence of MIL-Q-Q858A Sect:. ~.:. Product: 
aSSLirance is noriToe~lly e~chie.ed in t:• ... •o !Toann<?rs: :.:,Ltallh~ As::•.•r.;;:"l•:e. 
and c~ualii:y Control. rt.e l.:>t:ter 1s Hoe matn tt.=:rroo: ot S-?ct1cn .:;, 
-- ho~ to inspect the Frcduct. It is ~n old t:ru15~ that ycu 
cannot insFect qu~lltj into ~ product; the b~st you c.:>n do 1s to 
cull out inferior ~ieces. One mu~t in~~ect. ~5 the MIL s~e~ 

insists, but ~ne mu~t al~o addree~ the Froblem or destgntng the 
~=~educt and the !=reduction methods s~ .:~s to i~crea5e the 
incidence of good ~~educt. 1, other words. m~~~ ~~ rtght the 
first time. I found ~er~ little of th1s thes1s 1n Sectton 6, and 
I thin~· the project would b0 critici=ed 1f t~~ d=cu~ent got cut 
wit:hov~ a bdlanced t:rea~rnent. 

The remaining need: Friorit:iEs --Human ~~5aurce Mana~ement. 
Materials Nanagemen~. a~~ Fin~nci~l ~anaqemen~ ~~re c6~stcered tc. 
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be well done. We oshoi..lld en,phasi:.:e 1nteqtation ot tt.e. hum..,.ns just 
as we do integration of the i~forrr.~t1on sys~Ems into the ult1m~t~ 
Compute~ Inte~~ated Manut~ctu~1ng s~sterr.. 

We did not: see t:he S+:c.te :Jf t~•e A~t docun.&nt:. ~•<::1~1nq 

inst:e~d an o~tline of 1ts ccnt~nts. Con51de~1ng t~at: we ~re 

go1ng to b~ wo~~inq w[t:h +:echnolog1es ten ~e~r~ ahEad. ~"d 

f:OSS1bl~ not ~:~et: concE!i·.-ed. I •!lculd net: wastE toe rr•L•ct• mcir-~ +"liTte 
on toda~'s State ~t the A~t, e.en 1t 1t 1s Le~d1nq £jge 
technology. T~e iffiportance of t:ec~nclogy as ~ tact~~ 1n t:~~ 

F:octory of the F•.d:ure sc.:o.·cely needs re1t:r:rco+-1on. 

As I understand this Part of the tas~. an ar·chttectural 
frarr.e~ork is to be concet~ed and set forth out:lintnq the b~s+: 

considered opinio~ •s to what co manufac+:ur1nq ente~Pr1se shcltld 
be li~e in the 1qq0 - 19QS time tr~me. ~s Lardner Fainted cut:. 
just: setting it forth w1ll ~asten 1ts rr~i.al. Th1s can cnl~ be 
an ideali:ed architecture; ~v~ry ent:er~rt~e u1ll ~a~e ~ dttteren~ 

~ctu~l a~chitec+:ure. It: ~~sf: +:~eretc~e be ccm~l~t~ ~n~ug~ so 
t:t.at: 11: will 12ncomp.;.ss .;.ny 1"1-:cc::s.:-r·:~ ··::>.r1~n!:~ -- l.o? .• :o 1E:"i£·,..tc 
archite~ture. And it: is nG~ +:~be dest~~ed in +"h1s t~s~, but 
only to h~·;e its characteristics s~e~ified. 

The Fac~ory of the Fut~re ~ill te achie·:Ed r~cm th~ F~ctor~ 
at T::•.jay t-~ 2- ~low, e•ol,t:i.r.:·nat·y ~ror.ess. There is <!I trerr•t?r.rj:L: 

-...,jnE~tia in f:f',e e;,ist:ing rro:nt•r2.cf:ur1ng esf:ablish:r,ent, i" the 
facili!:ie:. c:>.pit:al eqLiiFrroo;;:nt:, technology, t:coltn·1• Fersor-r.el, 
.:ond rr.anagen.er.t. It: will b;: ::~oanged i"cre,ltent:ally, .:.: 1t t.a: ~-o::n 

changing o~er t:he Fast two c~n+:uries and is cha~~1ng t:od~~. T~t= 

F~Ojt?~t: i~ merelw to s~t torth a clear and acca~t:~tl~ t:~rget. 

I a~ree th~t the FQF w1ll in~orFo~at:e all ot +:he tuncttcl"ls 
of the FQT. It: is the embodiement: at +:~e t:echnolog~ that: ~111 

continue changing, ~nd this 1ncludes the mar.c?g~~ent. infor~dl:ton 

h~ndling, and material con~erston t:echnolcgies. Wo? call +:~e 

change mechanisms autom~t:icn ~nd comF•Jteri:at:1on. Let: me reFeat 
m~ ~nalog~ of the jig-saw Fu::le. 

M~ grandson was asse~cling a jig-saw Fu:::le one de?~ ~~en a~e 

of the pieces acc1dentally fell t:o the floc~, ~nd the dog ate tl:. 
I h~d to ma~e a replacement Piece which, whtle lacking the 
picture element: on its surface, had tc fit: Frecisel~ into the 
SPace between the adjacent: ~iec~s; no o.erla~s ~nd no gaps. I 
retected that: this is w~at: we do when we automate cr comput:eri;:e. 
scrne manufacturing function. While we m:>y ~a-c 1rnproved the 
h•nc+:ion~ it rr•L•st: tit ir.t:o tt;e e;:i:tin~ crgaru=attonc.l F.:ot:t:ern. 
I.Je do nat ct.anqe the ir,t,~=;,,·i !:·.:d c~a;:y-~utl t: Fiol:f:e..-n ot tt·e S.,J5t:P.rr•. 
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This traditional architecture ot m~nufacturinq and the 
org~nizations that qo w1th 1t were created tor good reasons. When 
m~nut~cturing was accomplished b~ human digital skills Bnd human 
mental skills, organi~at1onal structures were ta1lored to fit the 
~vailable humans and the1r s~ills. Put with the ste~d~ tre~d ta 
the transfer ot skills to mechan1cal and data ~roce~s1n1 d~~1ces. 

we need a·new and b~lt~r rdtlanale to~ st~ucturin3 mdnuf3ct0r1n1. 
It IS to be found in t~e t~ncticnal steps 1n~~ren~ 1" th~ sc1ence 
~t con~ert1ng raw material5 1nt~ des1red end ~ro~ucts. r~scrjtJ~q 

th1s structure is the essence of tne s~stems s~ec1f1c~t1G~ •~sl 

!t 1s complJcatd by the fact that the FOF in the t1me trame 
specified for the System~ ~P@Clfic~tJon dcc~ment m~~ de~l with 
~.--::d·_tct:s, facilities, and personnel nat na•u knc:.<~n. T~:is is :.•h::ol: 
t~•2 rr:c:d:hematicians call •,; highly ncn-tr1·11al t:.:~sl'". 

In view of the tact that the project is a1med at the 1~~0 

1995 time fr~me, I suggest thdt the Pro~ect Te~m tocus on what: 
ma~ reasonably be accomplished. I liked Larjner's co~ncept ct 
the computer being.applied principally to structured d~c1sion~. 
~nd used only as an assist in semi-structured decision maki~g. 
suggest that the specific~tions take note at the strong 1ntlu~nce 

of certain f:>ctors w~ric~ •• .:.lthollgh they fall CLttside the 
~ss1gnme~t of the Project, ~ust still be t~~en into 
consideration. These include geopolitics. sacioloqJc~l ch~n~~s. 

a~ailability of mater1al5 and energy, and economic conditions 1n 
general. This was mentio~ed in NAO ~t Section ~.4. 

I SL!gq-=st that tt.e ProJ~Ct keer.: in rrrind H·e natu.-e of tt-.e 
e~d r.:roduct of this t~s~. It is not a turnkey r.:L~nt, n~t 

hard~are or software, n~t ~n organi:ation ct-.a.-t. not a set ot 
st:?nd::ords, bL•.t a cance!=t It cannot t.e rrrco.de rrr::ond:::~tary. This IT••-·st 
also be kept in mind by those to whcm the end ~reduct IS 

proffered. I likad Skir:neo...-'s description ot- the end r.:raduct: a= .:o 

credible model of how the world will be. 

III TW•1JGHrS ON IMFLEf'"IEtHATION SHATE•:it 

Implementation in the case of this project means diffus1cn 
of the credible concept to industry, and a reasonable level ot 
acceptance by the early ador.:ters. 

I su~gest that the credible model of heY the world w 11 be 
1s all that need be rel~::osed. Ha~ the proJect team qq~ to 1t 1s 

not 1mportant and may OFE~ up a rield of deb~te bette,. lett: 
closed. 

Th.e first step w1ll te Hre r.:reparaticn ot tl":e rr:~d;;l in sorr·e 
con,pc.ct" forrrr and it:; ~rE:s•=-r,t=-tion at soarr:e t•-•n•:t: i;:m Stt.C~• as 
IndL•.stry D.:o~s. YOLI me~~~ e pect that it will b,-, r.,;•:eived with 
either polite interest or complete 1nd1trer~n~e. 
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take time.for assimila~ion --months or aYen ~ears betcre their 
true value is ~pprec1ated. Simple documents 5~ould be a~~il~tle 
fer ~nyone interested. 

The second step i~ selling the conce~t to t~cse who may 
reasonably be exFected to understand, accept, and i~plement it. 
This is a·jcb tar a 1echnology transfer special1~t. and wi~~ all 
due respect tor the manitest ~~1lls at the P~OJect tea~. t~ey m~y 

not have the SFeciai Frcmct1cnal s~1lls ne~ess~~y. Fc~tun~tel~, 

t~i~ Froject a~ a Fart o• the ICAM Proje~t does net ha~~ a~ 1~s 

tollrget the whole ot f;-,dustr'J, bL;t.: - at l1?-:>5t at tirst - en!•.;~ t:l·e 
c?erospace 1ndLtst:ry. T~·lS i:: a reasonably re.:.ct·abl~··t.:ll'"::let. 

The Nat1onal Academy of Engineering C~~m1tte~ on Ccmput~ 

Aided ManL•.factLtring ccnduct:ed a study en t:=d.nolo"J~ transfer H' 

connection with the earli~r IC~M war~. We l~arned t:ha~ new 
technologies arise in a very small sector of an ind~stry, c~lled 

the "innovators". The first diffusion of thP new technolo;y i; 
to a ;roup of e>boLtt. 10~~ of ttoe indLts~r':J 1-:nown .. <s the •ear ly 
.:>dopters". Thes~ con.F=anies will tr~ an ide • .. uH,.J•.:t an iron clad 
demonstration of economic Justification. -hEse are the ~eo~le to 
•.uhorr. t:h·? technology tr:msfer ;;pecialists turr. theit· f1rst.: 
attention. <Later, a large ~hunk cf indust~y will ado~t the new 
technology, haJing ~een it demonstrated in practica and 1~s 

eco~n~ic jus~ificaticn ~rc~&n. E~ then the technology has been 
~ore or less ~tandardi:ed. and the reward tor its adopt1on has 
s~run~ to a narrower ~arqin. The rest of t~e ind~stry will te 
forced inl:o ad·::Pticn b~j shEer •.!!eight of cc;r.~etiti:::~n. \ 

Thi~ means that Proje~t 1105 can still tur~her narrow 1ts 
t2chnclcg~ transfer Frc;r~m to a relati\el~ s~~ll number of 
.:.e~""·:)S~:::.ce carropan ies. On'=e they ado~t t:be cc;;ceFt, t:h.:.: "'est • ... 1 ~ 1 
tolloo.~.o in s-=lf defence if nc:thing else, and U,e d::·ctt·ine :ulll 
spread to other ind•-t~trie~ :.swell. Thercfore, in•Plem.;;r.t:otioi' 
narrows dcwn to F=resent:ing the concept t:c halt ~ do:en ~e~ 
corparat1ons. a net ins•.orrr •. ;Lcr.t;;ble t::..sk. 

As a co~sultant who ha: done such Jets ma~y t1mes in th~ 

Past, I c~n tes~ify to the most ettectiJe ~r~ced~re tor ~h1s 

Fre~entation effort. ~small group- possibly two men -should 
meet with the Chief E::er:Ltf:ive ·;tticer ot the target corF=or-i\~ion. 

~nd one or two of his a~:o~1ate:. The rea5on tor a~pro~ching t~e 

:Eo is that this conr:eFt ha5 ~n im~act on the ~ctal en~erpr1~-:. 

and can not be "bought" ty an~ane other t:han the person whose 
res~onsibility and c.•.cthc.rit·.;~ SPc>.ns the whole enterprise. Hoe 
reason tor the "one on cne" approach is that the CEO 1s tree to 
listen and ask questions. to discuss FOSsible im~l1cations for 
his company, and to argue ~oints without ~ommitt1ng himself in 
front o.f his entire org.omi:::>t1on. He mc>y la.ter .:>sk tor a 
Fresent~tion to a larger grouF of his people, or to several 
gro•.tps. 
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I would not try to ffi~~e a ffioving picture for a v1sual ~id 

tor the 1105 Project. T~is 1s just not the sort of sub;ect 
matter that lends i~self to the slick, uninterruptible, music-in­
the-background movie medium. What is needed is a si:eable number 
of slides, from which a few can be selected, caretull~ chosen tor 
the specific company and man to be addressed. The Frese~tation 
is tailored to the e"nterprise. Sllde present~.tions can be halted 
for discussion, bac~ed up to clarify a FOint, changed on the s~ot 
to react to the listener's reactions, and ~xtended or ~bbr~~iated 
as seems best. And they are much le$S e~Fensive than mo~ies. 

The CEO may ask what the costs and risks will be. In this 
type of concept, there 1s no way to answer that ~uestion; it w1ll 
ha .. ·e to be worked out tor t:hat specific •.1se-r. In any e .. ·ent:. Hoe 
acceptance of t:t.is conce,:.t is not an economic e;:erctse. bL:t ~ 

strategic decision. The CEO will ne::t cons1der wt.at Hoe .::=''lcept: 
will do to his organ1:ation and to the sk411~ of his employees. 
This is probably the ffio~t import~nt ~art of the t:ranster of the 
concept, and is whe~e the flexible slide show ffiedia comes into 
it2 o•.11n. What the CE•) •..Jill not ask, bLI+: '"'ill wond2r about, 1: 
wh~t the con~ept will do to or tor him, personal!~. He must te 
m~de the "champinn" tor the concept in h1s co~p~n~. 

~hen the technol01Y t1·an:fer team has cor·t:.:-.:t:ed H.e ·e~r ly 
adopter• types of CE•)s in the aerospace field, rrouch ot tt.:> 
implementation task will ha~e been accomplish~d. More work ~culd 
yield a diminishing re~urn in the early stagos ~t the tr~n=t~r. 
~nd in the l•ter s~ages it will simply be a ~atter ct 
presentations as oft~n as opportunity Fresents itself. 

SUMMARY 

Project 11es is to te commended for geed ~~rk on a vEry 
difficult assignment. The end result of the Froject's ettcrt: 
will be a set of speciricaticns for a credible model of ho~ the 
world will be in 1990 - 1~95. Th~ transfer ot this co~cept: t:o 
industry will require an unusual approach, tut fc~tunately ffia~ te 
directed in the first inst~nce to a relative!~ small numbe•· at 
probatle early adopters. 

·. 
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3.7 Comments, Richard E. Spears, Boeing Computer Services 
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this section contains the letter of comments written by Richard Sp~ars 
concerning the briefing of project llOS in Dayton, Ohio, on 4-5 Hay 1983. 
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Hay ·20, 1983 

~ichard R. Preston, Captain USAf 
Project Manager 
computer Integrated Manufactur~ng Branch 
Manufactvring Technology Division 
AF'WAL/Ml TC, Bldg. 653, Room 224 
Wright Patterson AFS, Ohio _45433 

Don to:JNOOd 
ICAH Program Han!ger 
Vought Corporation 
P. o. Box 225907 
Dallas, Texas 75265 
Hail Drop 2-AS 
Unit 2-20150 

Gentlemen: 

FTR110510000U 
29 June l9U 

Attached you will f~nd t.he report that you requested me to prepare as a 
result of the Dayton meeting May 4th and 5th on Factory of the future 
Concepts. 
I would like to thank you for your hospitality and appreciated the 
opportunity to participate in your review. 
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G E N E R A L I M P R E S S I 0 N S 

NEEDS ANALYSIS DCCUH~NT 

FT!i:ll0510000U 
29 June 198• 

In gP.neral I find the documents to be very good. 1 believe the Needs 
Analysis Docume:1t did an eY:cellent job of categorizing r.1anufacturing 
needs so that proper attent;Jn could be given to the seven issues 
ider.tifil!d. If you had -tried to address $Olutions to the numerous detail 
needs of a factory, you probably would not have been as successful as you 
are going to be by categoriztr.g. The document treated the subject of 
Informat icn Resource r~anagement very well. I bel ievP. that it i:; very 
important that Information Resource l~anagement is properly addressed ir. 
the Factory of the Future Frame~ork. I am sure that if companies do not 
understand Information Resource llanagement ph i1 osophy and mechanization, 
they will not be able to obtai'l the productivity improvements that the 
Air Force is stri"~ng to achieve. 

STATE-OF·,THE-ART DOCUMEIIT 

Thfs document did a pretty good job of identifying network capabilities, 
software tools, and database managers that are on the market today. 
Although much of the information in the document is gener;c in nature, it 
fs fairly obvious that the packages identified in this do~ument are only 
state-of-the-art on the day that the document is written. I don't know 
how you fnte~d to keep a document of this type updated. It may be that a 
corr.pany that embarks on modernizin'] its r.1anufacturing data systems r.1ust 
make a similar study of availilble tools prior to investing their money. 
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The subject document addresses thP. seven requirem.ents areas in reasonable 
detail. I believe that it is entirely reasonable that an aerospace 
company could take this document, digest it, and implement a systp·· that 
woulrj improve·their produdivity. 

The issue that was not discus~ect at great length in the document, though, 
is how would they implement these concepts and address the subject issues 
without an implementation pl~n that leads them thruugh a transition fron 
their pl"esent systems into stiltP-of-the-art systems. System flow chart~ 

could be developed th3t show the relationship between ex.1sting systens 
and any systems that would have to be developed to support the factory of 
the future framework. This wcu 1 d a 1 so a 11 ow a company to ut i1 i z:e da tl 
systems that have beer. developed by the Air Force to assist them in 
implementing factory of the future tasks. If possible, you should try to 
include examples of how a c:ompany could do this. For instance, you may 
want to use the flow. chart technique generated by Boeing on the 
Integrated Sheet Metal Contract. 

I believe a transition can be ~ad~ from existing data syste~s to 
state-of-the-art data systems fairly easily if strategic data planning 1s 
accomplished. This allows you to build a plan where all future C:atl 
systems developments are accomplished under the umbrella of the 
Information Resou.rce !-tanager. A dati\ dictionary can be developed that 
supports both the new and the old systems. 

The question that an aerospace company will have to answer is how many of 
the ICN1 produced dl.ta systems can be incorporated· into that company's 
existing data systems in an economical \~ay. Aerospace companies shouL: 
find the use of the ICAl1 data systems cost effective because it is 
extremely expensive and time consuming to rebuild existing data syster:1s. 
If they can assure thernse1ves that the use of the ICAI-1 systems will not 
compromise their organizational and management philo::ophies~ they will 
find th~ use o• the ICAM c1ata systems more attract i·1e. If they exercise 
the option of adapting their managemc'lt philosophy to the. IC~\' 

philosophy, they will be able to use more of the ICAH data systems than 
if they try to install the ICA!-l data sy::.tems in the face cf conflictir.g 
management philosophies. 

The inclusion of proposed orga11izational charts should be considere~. 

This consideration will help the industry to understand that the 
functiona 1 ot·gan fzat len in the FOF Document are not defacto proposed 
o;ganizational charts. 

It will be reasonable to expect that a company could rebuild its syste~s 

at a cost much lower than systems have traditionally cost if life cycie 
software p~ckages are developed. It is not clear to me, however. that a 
single life cycle software system will satisfy the requirements f~r 

embedde1 software, business and scientific. If the software industry is 
faced with the problem of providing a separate life cylce system for each 
of these areas, the target date when all three would be available will o~ 

extended. 
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This 1ection ~ont&ins the letter of comments written by Harvey Buffwm 
concerning the b~iefins of project 1105 in Dayton, Ohio, on 4-5 May 1983. 
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l-f.E. r:JVJI ~ %\0°)1Ml~ 
[ PRQOUCTJVITY IMP'ftOVEMENT j 

17 Ma/ 1983 

Robert L. Moraski, 
FOr Project Manager 
Vouqht Corporllt"ion 

Dear Mr. Horaskis 

FTR110510000U 
29 JU.'\0 1984 

I would like to cocplement you on the overall quality of the work t~~t your tc4m 
has done on the Factory of the Future project. There ia a lot of informat1on that 
will be of .signUicAnt value to the industry. 

In Attachment "A,• I have included a sumMAry of the comments that I ~ade at the 
meetinq in Dayton. In qeneral, I would recommend that the documents be mad~ more 
syste:ns definitive and less philosophical. I believe that you ·•ill be cloi:-.g socne 
revising of the document!l, so I will not try to be speciHc with sentences that 
vould qo into your revision of the docum~nt, but instead provide you in!o~t1on ~c 
that you can chanqe the documentation as your editor fits it together. 

Attachment "B" is the invoice for e~penses and changes for the services rendered. 

I would like to express my Appreciation for the opportunity of working with :n;)uc 
team. I am lookinq forward to reviewing the results of your document revis1on and 
the =eating in Auqust. Please cal~ me if ycu have any. questions. 

~1 
-~:~Y~ 

Enclosures: Attactm.ents A and B 
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SUDSAry of H.E. Bu~f~ Comments 
Made &t Dayton Meeting, Kay 4 And 5, l983 

1. Management £xposure to Doc~nts 

FTRll05l.OOOOU 
29 JunA 1984 

It· is very import.a...;t thA~ top m.1nu!ecturinq manaqf!ll!ent i.n the D~rospace 
compan~es have an understanding of the ~y~tems that ~ill be req~red in the 
l"actory of the Future (f'Of') for the l995 tillle period. ·rhese systems r..ave 
the potential for significantly reducing p~oduction costs ~d improving 
quality. With a good aanaq~ent ~~der~tanding of the potential benefits, 
better support will be provided to :tystems development effort required to 
meet future objectives. 

It will be very difficult !or a manufacturing vice president or director 
to find time to read and study these document~ because of the detail and 
lenqth o! the docum~ntation. I believe the best way to convey the info~a­
tion is a one-on-one presentation made by his technical staff per~on who has 
& qood understanding o! this documentation and tr~ir present systems. 

Many o! trAse to~ people have had a limited exposure to tho needs ar.d 
potential benefits of the integrated computer-aided manufacturing systems 
noted in these documents. It is best i! they can ask their questions freely 
without concern for their possible lack of exposure to computer-i~teqrated 
•ystems. 

I would propose that t~~ contractor be authori:ed to prepare a slide 
presentation and supporting documentation ~hat can be used in the aerospace 
companies to inform the executive ~~nvfacturinq management of the finding of 
this contract relative to the FactO~/ of the Future. This slide presentation 
would be presented by key company manufacturing technical staff when they 
are adequately knowledgeable of this. program, or a knowledgeable industry 
representative, when required.. Wh,en possible, it would be best to use staf! 
from inside the company because this provides a foundation for the in-house 
staff that will have to be in~olved in the development and implementation 
work. In some cases, the company representa~ives that served on the coalition 
effort under Mr. D.L. Ncrvood's direction cotlld brinq this story to the appro­
priate manage~ent. 

When the companies lack the internal staff, outside consultants could be used 
to convey the message. 
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2. C:on!i!{Uration Contro!, 
PTBllOSlOOOOU 
29 June 1984 

All tho trandt.icn h ~>Ada !:01'1 the precSo:dnMt:ly met.alic: prilaa.ry auue.­
turea of t~y to thll composi.t.e 3tructvr• of the future, eonfiquration control 
vill becoae inc:ra&autqly 1110re critical. Even tod.&y, SOllie companies hAve 
lost confiquration cont.:n'll bcc.r..use ot tile nlllllber ot subcontractors &nd t.he 
difficulty of kaopinq reco~da on t.he lar~a numbers ot parts and assemblies 
1n procftsa. 

In the cOJ:IIMrcic·.i.. ah"Plan• bu,sineu, it b very importAnt that the manu­
facturer have the cap~~il~ties o! contiqurinq tho airplane, its power plants. 
systems, and interiors ~o suit eacn customer's need. With probl~s of 
ealea, financing, and cha~ges in custom•r's need, one major producer finds 
it ncce~s.ary to havl!'l from 15 to 20 mn~ter schedule chAnges per ye<'lr that 
requires si<pli.!ic~tnt re~equencing o! a.irpl&."\es, JaAjor components, and systesns. 

~s records f.or each indi·.ridual airplane must be maintained for the h!e 
ot the vehicle in c0111111erci~l Wle. It is necessary because of qovernment regu­
lations and customer ne~ that the structural detail of each airplane's con­
f1quration in!o~ttion be readily available. For example, when any one o~ the 
caraercial airplM~oa ma.Jt6!J a crash landinq, the manufacturer must be able to 
tell the custo=er the exact status of detail parts or assembly for that par­
ticular airpla.n~ in '17ery fe.., hours. The parts will often be kitted with t.r.e 
tool fasteners and plAnninq for shipment to locations all over the world for 
field installation to get the airplane back in the air in thd shortest pos­
d.ble t iJne • 

M1litar1 syste&s currently have JaAny of the same configuration control 
problems but with a little lees emphasi• on a variety of customers but with 
.ar• aophistica~ed systema. 

The composites structure oC the future ~ill require a great deal of 
quality and confi~~aticr. control data in comparison to that normally reGuired 
tor -talic structures of t.oday. To provide a view of these special require­
.. nt:s, I will briefly outline !Jome of. the critical steps that currently ap?ear 
to be a requirem~nt for future critical compos~te structures. As the tech­
noloqy advanc~s, the needs will change but it appears unlikely that tha data 
requirements will be drastic~lly reduc~. 

TYPical Oat~ Required for Critical 
Composite Structures 

A. Chemical Characteri~ation of Materials 

Incomin9 batches ot material will be analyzed with sophisticated 
computer controlled equipment so that the chemical characteristics 
can be compared with the producibility and performance history of 
every part that use:- any p4rt'. of th."1t btttch of material. The ob­
jective is to ba ~!e ~o eli~inate undesirable material before it 
is ever proces~~d in the Factory of the Future, Alld to insure that· 
there are ways of correlating failures to their causes. This type 
o! data ..,ill become a part o! t~~ dat~ for each part and assembly. 

B. Pare Conftguration Control 

E&ch ply of resin-Unpregnated fabric, when fabric is used, would be 
defined by a comp~.ter canpatable data set uaed by both cnc;incering 



and a&nufacturinq. It is ~~r.~at likely th4t the material would 
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be tr~ to ita configuration usinq computer controlled machines 
working directly !rom the enqineerinq deta seta. ~ data on the 
contic;uration and batch of material ~uld beca~~e a part ot the 
computerized data b4ae. 

c. Assembly Configuration Contro! 

· Aa each ply ot ~~~ateriat ill au:.CC~~.~&~ically placed in position, 
senainq eq"uip%ent woul~ verify ~hat the proper confiquration of ply 
vas placed in the proper posit~cn. This data would then end up ~s 
a part ot the cCialputeri.zed d.ita f.or the confiquration of tl-.e a.sselllhly. 

D. Cure ~tcle Recording 

There vill be many cure options available with variation!~ in temper­
ature, pressure, time, and enerqy sources. These cycles will become 
a critical part or the canputer1zed quality records. 

B. Aasemblv Insoection 

Each of the steps taken in A through D are directed at inscring thdt 
a high-quality as3emOlY is procuced, and that in those cases where 
a failure ha~ occurred, there will be a dat~ track that w1ll lead 
to An understanding of where the true problem is. The next step in 
the quality assurance process lS that of using computerized inspec­
tion techn1ques, such as computer1zed through transc1ss1on ultrasonic 
inspection systems to detect VOlds of imper!ections 1n the completed 
al.'lse.lllblies. 

P. Assembly Usage 

The final step in the records o! a specific assembly is its asslgn­
aent to a specitic customer'3 4lrplane and the storage tor retrieval 
tor the service ll.fe of the ai!~Jlane. 

•The configuration control problems on some ~jor systems development efforts 
have caused so~e very large cost cverrur.s and schedule delays. It is recommended 
that A strong thread of coniigur~t:.::..or. ,;ontrol be woven into the documents for 
the Factory of the Future. Without thi5 i!nportant function plar-.ned into the 
aystems development ef!ort, there 1s no .:~.ssurance that the sfo;tems will supp01:t 
the required product quality ~1d reliability. 

A-42 
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l. · -.definition of Exe~tiw 1'\!!f!?n.sibilH:X :. ·:. 

4. 

In 5.3.4 ot the Syst~Ja Requ~rement~ Docuaent, it was stated that t~re 
should be & single executiva re~pon8ible for & combination of some design and 
·acme manufacturing functiona. I b~li~v• that this re~ndation is inappro­
priate in this document for t'~ rea•onez 

a. System Requiretr>ilnts !:>ocUJ>ent doe!'! not appe.u· to be the 
appropriate pl~co tc define &dn~~nt reportinq rela­
tionahipa. 

b. Some companies have found it to be very affective to have 
teaYa of manufacturing and q\~lity people assigned co the 
engineerinq design areas to a.!.d in the evolution of the op­
tim'ID desiqna. These~ operations representatives siqn the 
drawing• for the m~nuf£cturing and quality management that 
baa the actual production re~ponaibility. 

Human Resource Management 

Page 7-7, the third paragrap!l from the top has a •oiaqraa 2• ret•rence 
that. I US'UIIMI ahould have been Fiqure 7-4. 

In this a«me section are noted •Human Resources M.u\&g~ment•tunctions, 
•uch as Payroll Personnel Systems (PPS), Elaployee itecorcis Systell\3 (ERS), 
etc:. With tha continuing '"introduction of neow che- l\cals into the work place, 
I believe that serious considerAtion 3hould be given to including an •Epi­
c1ellliloqical Data Baser 1n the computerized personn11l data. 

nt. epidesil09ical data base would keep track of all of the hazardous 
aaterials that enter the tactory, '.Jhe!'e they are used, who was exposed to 
them Wtder what conditions, for he.,. lon'l, and the appropriate medict.l history 
of the individuals. 

Most aerospace companies tend to have very poor records· of the haz<1rdous 
materials that they use, and even leas in!o~tion on the exposure of indi­
viduals. The big problem to<!ay is to try and detemine what should be con­
•idered haza:dous. The present situation is clouded, but wi~h the emphasis 
beinc; placed on the haru!ling of haz<1rdous and toxic ID<lterial, I beli>!Ve that 
a 1995 ~~ Sy~tem would ~o incomplete without this provision •. 

I would suggest thAt ycu call Kr. Michael Stewart, Boeing Commercial 
Airplane Ccmpany Organization 6-5645, phone (206) 237-6467 fo·r information 
on • computerized epidelllilogical data base that is probably t.he most advanced 
in the aerospace industry to~y • 

. ..: -~'io:.: .. : . 
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A. Who should be re.sponsibl~ fo:- infot111!.tion resource mana~nt? 

ANSWER - Tho information resources of a company are one of its most 
valuable assets. Responsib~lity 3hould be at the executive level 
vhers e."'lqineet'inq .and aar.ufactllrinq both report. In some COIIIIpaniea, 
this is at thu l.wel ~! the eY.ecut.ivo vice prea1.dent where several 
divi•ions of the cOI'IIp.u~y report that u~e the same data base. 

In distributed sy~tl"r:\3, th11 functional orqanizations need to be able 
to \~a th~ dat4 dS they wish. 

a. What should we say in !uture systems specifications? · 

~ISWER - I believe that each detail system specification document 
prepared !or the use of an aerospace company w~ll be different. There 
vill be aimilarities in the type of data used and where it is used. 

To qet a handle on the problem, I would goxound rule a typical company 
of ~est size and' limited product ~ix, and prepare a specification. 
Your consortiun ~embers should be able to provide data usage infor­
mation that could be factors for the company size that you select. 
The resulting data then could be used by many companies to develop 
their own specifications. This known foundation would be a much 
!)etter atartinq point for most companies than having no startinq point. 

c. Bow should the balance of the work be prioritized? 

ANSWER -

1. Revise existing documents as recommended. 
2. Prepare ...,hat could be considered t.o be an abbreviated 

system specification with 4 lot of back-up data in the 
appendix. 

3. Develop an irnplemen~ation plan. 
4. Develop special presentations that can be used to com­

municate the results of projects to industry. 

D. What should be the strategy for implementation? 

ANSWER ·• A systems development plan can only be implemented by a company 
that is convinced that kt uill get a return on its inves~nt or must 
take action to rem.,.in c0!11pet::l.tl.ve. I aon of the opinion t.h4t som~ of the 
nev weapons systems Will. force the introduction of l'lore computerized 
systems. There needs to be more emp~~sis on producticn capability in 
the aoucce selection process than there has been in the past. 

The ICAM progrdlll is taking tt>e steps that are required in evolving the 
building block for the Factory of the Future. By working on these 
building blocks or ll'lodulcs, tht!y are. throuqh the comr-c t 1 tl.on process, 
getting many companies headed in ~he right directl.on. 8y q~ving a devel­
opment contract to one, they <u:e stimulatl.ng m.lny to try and stay .com­
petitive. 

A-U 
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3.9 Project 1105 Overview 4nd Factory of the Future Scope (presentation} 

Tn~s section contains the project overview presentation ~iven by 
D. L. Norwood 

A-45 
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TE~CHNICAL REQUIREMENTS/TASKS 
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I 

lhe folloiYing tasks shall be accomplished· 

Task A - Establishment of the Master Plan and Schedule {paragraph 4.1 ). 

Task B - Establishment of the Factory of the Future Conceptual Framework 
(paragraph 4.2~. (Option 1) 

~ Tdsk C - Establishment of the Integrated Composites Cent01 Requirement& 
Definition and Conceptual Design (paragraph 4.3). 

Option 2 - Establishment of the Integrated Composites Center Preliminary 
Des:gn and System Specification Doc•Jment (paragraph 4.3.8). 

lask D - Establishment of the .. AS IS'" Architecture of OA/QC Functionl' 
(paragraph 4.4.2). establishment of· the ICAM Quality Assurance 
Manual (paragraph 4.4.3) &nd a Product Assurance Program · 
Standard (paragraph 4.4.4 ). 
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TASK C - Establishment of the integrated composites center (ICC) 
requirements, conceptual and preliminary design and system 
specificaUO•l 
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4 3 8 5 PRODUCE ICC 
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TASK D ORGANIZATION CHART 

TASK D 
LEADER 

GENERAL ELECTRIC 

R.H. WETTACH 

I I I I 
GENERAL VOUGtiT GENERAL iiORTHAOP 
ELECTRIC CORPORATION DYNAI.IICS FfW COflPORA TIOH 

TEAM TEAU TUU TEAU 

R.H. WETT ACH . A. flEINGOLO J P. WATKINS T.R ~c:e 

ll.R. !>H£rHERO H S. STROUO lpA COX 
W.D VINSON 8 A. WILLIAio:S 
t.l 5. MOSCYNSKI J.J. PAGE 
A.S. RUIIf.NSTEIN D.L. HORWOOD 
S. SMiTH ISOFTECH) R. UARTIHEZ 

COMPANIES SERVING AS REVIEWING PARTICIPA.HS 
• BOEING AEROSPACE COMPANY • FAIRCHILD REPUBLIC CO. • LOCKHEEG-OEORGIA 
• BOEING COMMERCIAL AIRPLANE CO. • GE AIRCRAFT ENGINE BUSINESS GROUP• LOCKHEED MISSILES AND SPACE CO. 
• BOEING MILITARY AIRPLANE CO. • GOLDSWORTHY ENGINEERING • McDONNELL AIRCRAFT 
• CINCINHA Tl MILAQION • GRUMMAN AEROSPACE • ROCKWELL INTERHAliONAl 

.. , • SIKORSKY AIRCRAH .. 
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functions, ICAM quality assurance manual and a II 
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4 4 OAJOC OCT II 1---

tECHNICAL REOUIR[MENTS 
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4 4 2 UNDERSTAND THE PROBLEM JAN 82 
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ENVIRONMENT 
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ARCHil ECTURE INTERFACE 
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CONCEPTS ·,. 

.. 

U.l ESTABLISii QA.JOC MANUAL AUGIZ --
U 4 ESTABliSit QA PROGRAM AUG 12 -~ 

STANQJ,RO 
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PROJECT 1105- LIFE-CYCLE DOCUMENTS TO BE 
COMPLETED DURING CONTRACT 

DELIVERABLES ICAM LIFE CYCLE 

UNDERSTAND FORMULATE AND BUILD AND INTEGRATE IMPLEMENT AND MAINTAIN 
PHASE PROBLEM JUSTIFY SOLUTION SOLUTION SOLUTION 

CONSTRUCTION INTEGRATION 
NEEDS REQUIREMENTS PRELIMINARY DEtAIL AND VERIFICA liON VALIDATION AND IMPLEMENt MAINTAI.W AND 

StEP ANALYSIS DEFINITION DESIGN DESIGN TEST· TEST AND USE SUI'PORr 

SCOPING fa· C! :IP:I DOCUMENT !SOl 

NEEDS ANAL'iSIS FB= c~ ::tir DOCUMENT (NADl = !' . -:~ ::::::::::: ·-SYSTEM 
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DOCUMENT I SED) I 

- ·I--· -
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... - - ---
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REQUIREMENTS ~!F c·! Hoi . 
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SYSTEM 

JJU ;c:; 
SPECIFICA liON (SSI 

SYSTEM -·-
DESIGN ;C: 

SPECIFICATION tSDSl 

SYSHM ,c TEST PLAN tSTPl 

DEVELOPMENT ·' c SPEClFICA liONS tDSl 
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~~l 

c IMPLEMENTATION PLAN DOCUMENT 
........ 
::o: QAJOC MANUAl 
... -
·•o· .· QA/OC PROGRAM STANDARD 
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FACTORY OF THE 

FUTURE FUNCTIONAL STRUCTURE 

• STRATEGIC PLANNING 
• PRODUCT ASSURANCE 
• EtiERGY MANAGEMENT 
• I.OMINISTRAfiON 
• fiNANCIAl 
• STATUS/COSTS 

MANAGE FACTORY 
• ACCOUNTING 
• ORGANIZATION 
• lEGAl 
• PERFORMANCE 
• BUDGET/SCHEDULES 
• MANAGEMEtH/CONTROl 

PRODUCT 
DEFINHION 

AND 

• POliCIES/DIRECTIVES/STANDARDS 
• OBJECTIVE PLANNING 
• SAFETY AND ENVIRONMENTAL 

MANAGEMENT 
• FACILITIES AND EQUIPMENT 

MANAGEMENT 

• TACTICAl PLANNING 
• BUSitJESS SYSTEMS 
• MANAGEMENT 

INFORMATION 
SERVICES 

• QUALITY PLANNING 

MAAKE:-ING 
CENTER(S) 

LOGISTICS 
CENTER(S) 

PROVISIONING 
CENTER(S) 

MANUFACTURING 
CENTER(S) PLANNING .... 

CENTER(S) ~ ._ __________ ~ __________ ._ __________ &-----------~----------.. ~ 
PROVIDE CUSTOMER ENGINEER AND PLAN PROVIDE RESOURCES PRODUCE PRODUCT PROVIDE LOGISTICS 
LIAISON AND SERVICES PRODUCT • TOOLS o CONTROL MFG SUPPORT 
o PROPOSALS o ENGINEERING • fACILIIIES OPERATIONS • AEQUIREMENf5 
• NEGOTIATION • DESIGN • EQUIPMENT o PROCUSING o DOCUMENTS 
• CONTRACT REPORTING o GROUP TECHNOLOGY o PEOPU • SfA JUS REPORIING o SPARESIKIJS. EJC 
o WllRJ( AUTHORIZA liON o PRODUCIBILITY o INfORMAJIONICOMPUHR o UNMANNED CHL o fiELD SERVICE 
• CONTRACT WONITORINO o ANALYSIS SYSTEMS • MACHINE, MAN. • MAINIENANCE 
• CUSTOMER CONTACT o MFG PLAN • MATERIAL MATERIAL, STORES, UC o CUSTOMER TRAINING 
• ORDER CHANQEI o PROCESS PLAN o UA HRIAL HANDliNG MONIJORING 

CANCELlATION • MAJ(E OR BUY SYSUM • HC 

• St.:HlDULEIBUDGET • FLOW PLAN • QAIQC • DNC 
TRACKING • CAE • ENERGY • CNC 
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• OA PLAN 
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COMPANY 
RFP t-------la>~ DECISION 

PROCESS 

RFP 
FOR 

BID/NO BID 
PROPOSAL 

FOR 
. CU$,TOMER 

o Meets company business plan 
objecUves 

0 Current plant capacity 
- Adequate 
- lnadquato 
- facUlties exp.!::nalon, 
conatructl~, etc. 

0 Have manufacturing technology 
and capability 

- Current processes adequate 
- New processes needed 

0 Human resources 
- Presently available 
- Obtainable 

0 Material availability and cost 

o Subcontracts requirements 

Determination of Company Capabilities. 
VOUGHT 
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PRODUCTION 
• CAPABILITY AND 

COAPACITY~ ... 

• Joi, 
' l l . 

INDUSTRIAL 
ENGINEERING 
• SHOPLOADING 

COMPUTER 
• SIMULATION AND 

MODELING 

PRODUCTION MANAGEMENT 

·~JJ 
LOGISTICS 
• CUSTOMER 

SUPPORT 
PLAN 

PRODUCTION 
ENGINEERING 
• FABRICATION AND 

ASSEMBLY PLAN 

FINANCE 
• CONTRACTS 
• PRICING 

MARKETING 
CENTER(S) 

PROVIDE CUSTOMER 
liAISON AND SERVICES 

MATERIALS 
• PRICING 
• SUBCONTRACTOR 

MANAGEMENT PLAN 
• SMALL BUSINESS PLAN 

• STATEMENT OF WORK 
• TOOLING PLAN 
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REQUIREMENTS 

• FORECASTING 
• BUSINESS OBJECTIVES 

w ~/ CONFIGURATION 
MANAGEMENT 
PLAN 

15r~~INGS 
FACILITIES PLAN 

SCHEDULING 
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• STRATEGIC PLANNING 
• PRODUCT ASSURANCE 
• ENERGY MANAGEMENT 
• ADMINISTRATIOI~ 
• FINANCIAL 
• STATUS/COSTS 

FACTORY OF THE 
FUTURE FRAMEWORK 

MANAGE FACTORY 
• ACCOUNTING 
• ORGANIZATION 
• LEGAL 
• PERFORMANCE 
• BUDGET/SCHEDULES 
• MANAGEMENT/CONTROL 

• POLICIES/DIRECTIVES/STANDARDS 
• OBJECTIVE PL'•NNING 
• SAFETY AND l:NVIRONMlNTAL 

MANAOEMENl 
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MANAGEMENT 

• TACTICAL PLANNING 
• BUSINESS SYSTEMS 
• MANAGEMENT 

INFORMATION 
SERVICES 
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PRODUCT DEFINITION AND PLANNING 

PRODUCT 3·0 SOLID 
GEOMETRIC DESCRIPTION 

GROUP TECHNOLOGY------------------~ 
PART CODES ) 
DRAWING CODES ( DATA 
ILLUSTRATION COOES ( ORGANIZATION 
PART FAMILIES J 
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CAD/GT 
DATA BASE 

ASSEMBL~SUBASSEMBLY 

CAD 

ASSEMBLY • 
COMPONENT { COMPUTER·GENEAATED 
SUBASSEMBLY~ DRAWINGS· 

TECHNICAL ILLUSTRATIONS 
BILL OF MATERIALS· 

ANALYSIS CAE 

FINITE ELEMENT MODELING 
FINITE ELEMENT ANALYSIS 
MECHANICAL SIMULATION 
KINEMATICS 
ELECTRICAL SIMULATION 
P,RODUCIBILITY 
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PRODUCT DEFINITION AND PLANNING 

MANUFACTURING TECHNOLOGY 

MANUFACTURING INFO SYSTEMS 
PROCESS TECHNOLOGY 
MAP 
SCHEDULING 
DECISION SlJPPORT SYSTEMS 
GROUP TECHNOLOGY 

PROCESS AUTOM.4. TION--------. .. / 

ROBOTICS PROGRAMMING/SIMULATION 
FOR: MACHINING 

SHEH METAL 
=:"' COMPOSITES 

0 ELECTRICAL 
ASSEMBLY 

PROGRAMMABLE LOGIC CONTROLLERS 
GROUP TECHNOLOGY 

COMPUTER-AIDED QUALITY 

COORDINATE MEASURING MACHINES 
ELECTRICAL TESTS 
VERIFICATION 
NONOI:STRUCTIVE TESTING 
PRODUCT ASSURANCE REPORTS 
GROUP TECt-lNOLOGY 
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PRODUCT DEFINITION 
AND 

PLANNING 
DATA BASE 

FABRICATION AND ASSEMBLY 

SHEET METAL NC . . 
MACHINING PRODUCTION CONTROL 
COMPOSITES GROUP TECHNOLOGY 
ELECTRICAL 
ASSEMBLY 

f-ACTORY ANALYSIS 

FACTORY MOCJELINGISIMULATION 
GROUP TECHNOLOGY ANALYStS 
PROCESS FLOW 
PRO DUCIBILITY 

MANUFACTURING PLANNING 

COMPUHRAIDED PROCESS PLANNING 
SHEET METAL ELECTAICAL 
MACHINING ASSEMBLY 
COMPOSITES 

PROCESS PLAN PICTORIALS 
TIME STANDARDS 
COST ESTIMATING 
PROJECT CONTROL SYSTEM 
GROUP TECHNOLOGY 
MAKE/BUY 

,....,_ TOCLS AND FIXTURES ----
DESIGN OF: 

TOOLS 
FIXTURES 
MOLDS 
PRODUCTION EQUIPMENT 
GROUP TECHNOLOGY 
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• PLANT LAYOUT 

• SUVICES . .• ~ • SITE SELECTIO~N· ...... 
-PRODUCTION SCHEDULING IUNUFACTURING TECHNOLOGY 
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• DETAIL ASSEMBLY SCHEDULE 

CONCEPTU~LLAVOUT 

FEASIBILITY STUDIES 
ENGINHAING DESIGN 
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DILL OF IYATERIALS. 
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GEOMfTP.IC DESCRIPTION 
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FINITE ELEMENT ANALYSIS 
MtCriANICAL SIMULATION • 

GROUP TECHNOLOGY 
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ILLUSTRATION CODE$ 
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B.ECTAICAL SIMULATION 

} 

PAODUCIBiliTY 
~TA 

ORGAHIZATION 

MATERIALS 
• REOUIREMENTS 
• PROCUREMENTS . .... ".,; "'""'"'"' 'W3 
ff~~ 
~~ 

PRODUCT 
DEFINITION 

AND 
PLANNING 
CENTEA{S) 

ENGJNEER AND PLAN 
PRODUCT 

• OA PLA~~ 
• INSPECTION PLAN 
• AUDITS 

COMPUTER AIDED QUALITY 
COORDINATE MfASURINO MACHINES 
llfCTRICAL TESTS 
~RIFICATION 

NONDESTRUCTIVE TESTING 
PRODUCT ASSURANl:( REPORTS 
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FACTORY OF THE 
FUTURE FRAMEWORK 

MANAGE FACTORY 
• STRATEGIC PlANNING • ACCOUNTING • POliCIES/DIRfCTIVESISTANDARDS 
• PRODUCT ASSURANCE 
• ENERGY MANAGEMENT 
• ADMINISTRATION 

• ORGANIZATION 
• LEG!I.L 
• PERfORMANCE 

• OBJECThiE PLANNING 
• SAFETY AND E~VJRONMENTAl 

MANAGEMENT 
• FINANCI~.L • ISUOGETISCIIEDULES • FACILITIES AND EQUIPMENT 

MANAGEMENT • STATUS/COSTS • MANAGEMENT/~ONTROl 

PP.ODUCT 

MARKETING 
DEFINITION 

PROVISIONING MANUFACTURING AND 
CENTER(S) PLANNING .. CENTER(S) CENTER(S) 

CErHER(S) 

PROVIDE CUSTOMER ENGINEER AND PLAN PROVIDE RESOURCt:S PRODUCE PRODUCT 
LIAISOH AND SERVICES PRODUCT • TOOl!l • CONTROL MfO 
• PROPOSALS • ENGINEERING • fACILITIES OPERATION$ 
• NEGOTIATION • DESIGN • EQUIPMENT • PROCE!iSINQ 
• CONTRACT REPORTING • O.AOUP TECHNOLOGY • PEOPLE • STAll~ REPOIITINO 
• WORK I.UTHORIZATION • PRODUCIBILITY • INFOAMATIONICOMPUTEII • UNMANNlD CELL 
• CONTRACT .. ONITORlNO • ANALYSIS SYSTEMS • MACHINE, MAN, 
• CUSTOMEII CONTACT o MFO PLAN • MATERIAL MATERI.H., STORES, ETC 
• ORDER CHANOEI • PROCESS PLAN • MATERIAL HANDLING MON•TORINO 

CANCELLATION • 14.\KE OR BUY SYSTEM • NC 
o SCHEDULEJBUOQET • FLOW PLAN • QAIQC • DNC 

TI'IACKINO • CAE • fNfROY • CNC 
• CAD • MAIIHENANCE • AUTOMATED INSPECTION 
• OPP 
• QA PLAN 

• TACTIC~L Pl ANNJNO 
• BUSINESS SYSTEMS 
• MANAGfMt:NT 

IUFORMATION 
SERVICES 

• QUALITY PLANf.lltiQ 

LOGISTICS 
CENTER(S} 

PROVIDE LOGISTICS 
SUPPORT 
• REQUIAEU£NTS 
• DOCUMENTS 
• SPARES/KITS, E1C 
• fiELD SEIIVICE 
• MAINTENANCC: 
• CUSTOMER TIIAININO 
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Provide Reso . urces 

TOOLS 

FACILITIES 

EQUIPMENT 

PEOPLE/SKILLS 

INFORMATIOtVCOMPUTE 
SYSTEMS R 

MATERIAL 

CAP IT All BUDGETS 

GTCC 

Resource Data 
Base 

Computer 

Manage ment Decisions 
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• PEOPLE 

• ENERGY 

P3·1U7·10 

• EQUIPMENT 
• QA/QC 

PROVISIONING 
CENTER(S) 

• MAI~TENAf'•CE 

• FACILITIES 

• 1NFORMATION/COMPUTER 
SYSTEMS 

~--~--w 

-----...~ ~ 
~~~~ 
~·DRAWINGS 

• Pt.::>DUCT DESIGN 
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• lllo. 
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.... 

\ . 

--

FACTORY OF THE 
FUTURE FRAMEWORK 

MANAGE FACTORY 
• STRATEGIC PLANNlf~Q • ACCOUNTING • POLICIES/OIRECTIVESISTANDARDS 
• PRODUCT ASSURANCE • OFIGANIZATION 
• EtiERGY MANAGfMENT • LEG,tl 
• ADMINISTRATION • PERFORMANCE 

• OBJECTIVE PLANNING 
• SAFETY AND ENVIRONMEfHAL 

MANAGEMENT 
• FINANCIAL • BUDGET/SCHEDULES • FACILITIES AND EQUIPMENT 

MANAGEMENT • STATUS/COSTS 

MARKETING 
CENTER{$) 

PROVIDE CUSTOMER 
LIAISON AtiO SERVICES 
• PROPOSALS 
• NEGOTIATION 
• CONTRACT REPORTING 
• WORY. AUTHORIZATION 
• CONlRACT MONITORING 
• CUSTOMER CONTACT 
• ORDER CHJ.NGEI 

CANCELLATION 
• 8CHEDUL1:18UDGET 

TIU.CKING 

• '*ANAGEMENT/CONTROL 

PRODUCT 
DEFINITION 

AND 
PLANNING 
CENTER($) 

ENGINEER AND PUN 
PRODUCT 
• ENGINEERING 
• DESIGN 
• GROUP TECHNOLOGY 
• i'RODUCIBILITY 
• ANALYSIS 
• MFOPLAN 
• PROCESS PLAN 
• MAKE OR IIUY 
• FLOW PLAN 
• CAE 
• CAD 
• GPP 
• QA PLAN 

PROVISIONING 
CENTER($) 

PROVIDE RESOURCES 
• TOOLS 
• FACILITIES 
• EQUIPMENT 
• PEOl'LE 
• INFORIIATIONICOMPUTER 

SYSTEMS' 
• MATERIAL 
• MATERIAL HA"'CLINO 

SYSTEM 
• GAIOC 
• EN£RGY 
• MI.INTEHANCE 

PRODUCE PRODUCT 
• CONTROL liFO 

OPERATIONS 
• PROCESSING 
• STATUS REPORTING 
• UNMANNED CELL 
• MACHINE, MAN, 

MATERIAL, STORES, ETC 
MONITORING 

• NC 
• OHC 
• CHC 
• AUTOMATED INSPECTION 

• TACTICAL PLANNING 
• DUSIHESS SYSTEMS 
• MANAOEIA(HT 
lt~FORMATICH 

SERVICC::S · 
• QUALITY PUHNING 

LOGISTICS 
CENTt::R(S) 

PROVIDE LOGISTICS 
SUPPORT 
• REOUIAEMENTI 
• DOCU:.IENTS 
• SPAIIESIKITS, ETC 
• FIELD SERVICE 
• MAINTENANCE 
• CUSTOUER TIIAININO 
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Management 
Components 

Material 

Finance 
P0-2351·3 

·-
Resources 

Quality 

Design 
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FINANCE 
• CONTRACTS 
• lABOR 
• WOtlK·IN·PROCESS 

PRODUCTION 
ENGINEERING 
• FABRICATION ASSEMBLY 

Pl.AN 

PRODUCTION CONTROL 
• WORK ORDER STATUS LOCATION 
• PRIORITIES 

• SHORTAGES f~· • COMPLETIONS • •. 

m .. 
~-'V 

PRODUCTION 
REQUIREMENTS 
• INVENTORY AD.IUSTMENTS 
• PRODUCTION 
• S~ARES 

:~::::s w 

• CONTROL MFG 
OPERATIONS 

MANUFACTURING 
CENTER(S) 

PRODUCTION 
• UNMANNED CELL 
• CNC 
• DNC 
• NC 
• PROCESSING 

LOGISTICS 

PRODUCTION SCHEDULING 

• MACHINE, MAN, 
MATERIAL, STORES, ETC 

. . MONITORING 
• STATUS REPORTING 

~a 
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P3·162H 
• AUTOMATED INSPECTION 



FACTORY OF THE 
FUTURE 'FRAMEWORK 

MANAGE FACTORY 
• STRATEGIC PLANNINQ 
• PRODUCT ASSURANCE 
• ENERGY MANAGEMENT 
• ADMINISTRATION 

• ACCOUNTING 
• ORGANIZATION 
• LEGAL 
• PERFORMANCE 

• POLICIES/DIRECTIVES/STANDARDS 
• OBJECTIVE PLANNING 
• SAFETY AND ENVIRONMENTAL 

MANAGEMENT 
• FINANCIAL • BUDGET/SCHEDULES • FACILITIES AND EQUIPMENT 

MANAGEMENT • STATUS/COSTS • MANAGEMENT/CON rROL 

MARKETING 
CENTER(S) 

PROVIDE CUSTOMER ENGINEER AND PLAN 
LIAISON AND SERVICES PRODUCT 
• PROPOSALS 
• NfQOTIA T:ON 
• CONTR.t.CT REPORTING 
• WORK AUTHORIZATION 
• CONTRACT MONITORING 
• CUSTOMER CONTACT 
• ORDER CHANGE/ 

CANCELLATION 
• SCHEDULEIBUDGET 

TRACKING 

• ENGINEERING 
• DESIGN 
• GROUP TECHNOLOGY 
• PRODUCIBILITY 
• ANALYSIS 
• UFO PLAN 
• PROCESS PLAN 
• IIAKE OR BUY 
• FLOW PLAN 
• CAE 
• CAD 
• GPP 
• QA PLAN 

PROVIDE RESOUR~ES 
• TOOLS 
• FACILITIES 
• EQUIPMENT 
• PEOPLE 
• IIIFORMATIONICOMPUTER 

SYSTEMS 
• WATERI\L 
• MATERIAL HANDLING 

SYSTEM 
• O.VOC 
• ENERGY 
• MAINTENANCE 

PRODUCE PRODUCT 
• CONTROL liFO 

OPERATIONS 
• PROCESSING 
• STATUS REPORTING 
• UNMANNED CELL 
• MACHINE, IIAN, 

MATERIAL, STORES, ETC 
MONITORING 

• NC 
• ONC 
• CNC 
• AUTOMATED INSPECTION 

• TACTICAL PLANNING 
• BUSINESS SYSTEMS 
• MANAGEMENT 

INFORMATION 
SERVICES 

• QUALITY PLA~NING 

PROVIDE LOOI:'HJCS 
SUPPO~T 

• REQUIREIIEMTS 
• DOCUMENTS 
• SPARESIKITS, ETC 
• FIELD $ERYICE 
• WAIMTEHAHCE 
• CUSTOMER TRAINIHO 
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h VDUGI-IT 

Logistics 
PROBLEM: SOME PARTS MADE FROM 7075·T6 

ALUMINUM WITH STIFFENING BEADS (CVD 
NO. 3078) ARE DEVELOPING STRESS 
CRACKS 

SOLUTION: G) SEARCH STORED DATA FOR ALL PARTS 
WHICH ARE: 

P0·1776·13A 

• r.,,ADE OF 7075·T6 ALUMINUM 
• HAVE BEAD CVD NO. 3078 

@ NOTE: PART NUMBERS 
SUBJECT TO POSSIBLE CRACK DEFECTS 

PART NUMBER =J=-
DATA STORED 
UNDER GTCC 
SCHEME 
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• CUSTOMER TRAINit~G 

PRODUCTION 
ENGINEERING 

• SERVICE TOOLS 
• ATE PRODUCT DESIGN 

LOGISTICS "" 
• SPARE REQUIREMENTS 
• SHIPPING ORDERS 

gJ 

• GSE 

~~~ 
~ ~ 

• DRAWINGS 

MATERIALS 
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• FIELD SERVICE 

~~~~;~fs~ ...__:c: __ ~U§_~-... ~~_,.,t_ Til~ 
PROVIDE LOGISTICS " f~ 

SUPPORT 
• MTBF REPORTS 
• PERSONNEL 

P3·1627·8 

pr.oc~~TION 

f.,...QUIREMHITS 
:iNVENTORY ADJUSTMENTS 

• PRODI!CTION m_ l PRODUCTION 

:m::~ ~ ~ 
• REQUIREMENTS 
• DOCUMENTS 
• MAINTENANCE 
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MARKETING 
CENTER(S) 

PROVIDE CUSTOMER 

I 
I 

LIAISON AND SERVICES 
o PROl'OSALS 
o NEGOTIATION 
o CONTRAC; REPORTING 
o WORK AUTHORIZATION 
o CONTRACT MONITORING 
o CUSrOMER CONTACT 
o ORDER CHANGE! 

CANCELLATION 
o SCHEDULE/BUDGET 

TRACKING 

FACTORY OF THE 
FUTURE FRAMEWORK 

PRODUCT 

/ 

DEFINITION 
AND PROVISIONING MANUFACTURING 

PLANNING CENTER(S) CENTER(S) 

CENTER(S) 

ENGINEER AND PLAN PROVIDE RESOURCES PRODUCE PRODUCT 
PRODUCT o TOOLS o CONTROL lilfG 

o ENGINEERING o FACILITIES OPERATIONS 

o DESIGN o EQUIPMENT o PROCESSING 

o GROUP TECHNOLOGY o PEOPLE o STATUS REPORTING 

o PRODUCIBILITY o INFORMATIONICOIIIPUTER o UNMANNED CELL 

o ANALYSIS SYS.TEMS o MACHINE, MAN, 

o MFG PLAN o liiAiERIAL MATERIAL, '>TORES, ETC 

o PROC.eSS PLAN o MATERIAL HANDLING MONITORING 

o M.tKE OR liUY SYSTEM o NC 

o FLOW PLAN o OAIOC o DNC 

o CAE o ENERGY o CNC 

o CAD o MAINTENANCE o AUTOMATED INSPECTION 

o GPP 
o QA PLAN 

.. _. ~ 

LOGISTICS 
CENTER(S) .. 

:!! ... .. 
,;, • 

PROVIDE LOGISTICS 
~~ SUPPORT 

o REQUIREMENTS "' '"''"" o DOCUMENTS c ..... 
o SPARI;SIKITS, ETC =' 0 

CD VI 
o FIELD SERVICE ..... 
o MAitiTENANCE .... o 
o CUST.OMER TRAINING ..00 

0110 
1>0 
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STRATEGIC 
PLANNING 

IMPROVED 
INFORMATION 
FLOW 

I 

FOF Management 
LABOR PRODUCTiVITY 

IMPROVEMENT 

I FORECASTING I 
INVENTORY 
CONTROL 

EOU:PMENT 
PRODUCTIVITY 
IMPROVEMENT 

INFORMATION 
MANAGEMENT 

• I 

VOUGI-tT 

IMPROVED 
PRODUCT 
COST/ 
QUALITY 

I FINANCIAL I 
IMPROVED 
DECISION MAKING 

COMPUTER 
INTEGRATED. 

MANUFACTURING 

MATERIALS 
REQUIREMENT I LEGAL ] 
PLANNING 

PROJECT 
PLANNING 

GROUP 
TECHNOLOGY "PAPERLESS 

OPERATION" 

I . STANDAADS~POLICY /PROCEDURES I I PROPOSAL EVALUATION/ APPROVAL I 
1 SCHEDULES & BUDGETS 1 [!cc~uNTING] I .TACTIAL PLANNING I 

SIMULATION I OFFICE AUTOMATION I I CAPACITY PLANNING I 
MODELiNG 

!RESOURCE MANAGEMENT' 

P2·1126·25 
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""'"' c: .... ::s 0 
1D VI .... 
.... 0 
.00 
CDO 
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• ACCOUNTING 

• PRODUCT ASSURANCE 

• TACTICAL PLANNING 

• STRATEGIC PLANNING 

• • ENERGY MANAGEMENT 

MARKETING 
CENTER(S) 

PROVIDE CUSTOMER 
LIAISON AND SERVICES 

• ADMINISTRATION 

• BUSINESS SYSTEMS 

• FINANCIAL 

• STATUS/COSTS 

• ORGANIZATION 

PRODUCT 
DEFINITION 

AND 
PLANNING 
CENTER(S) 

ENGINEER AND PLAN 
PRODUCT 

MANAGE 
FACTORY 

• LEGAL 

• MANAGEMENT 
INFORMATION 
SERVICES 

• PERFORMANCE 

• BUDGET/SCHEDULES 

• MANAGEMENUCONTROL 

PROVISIONING 
CENTER(S) 

PROVIDE RESOURCES 

• FACILITIES AND EQUIPMENT 
MANAGEMENT 

• SAFETY AND ENVIRONMENTAL 
MANAGEMENT 

MANUFACTURING 
CENTER(S) 

• POLICIES/DIRECTIVES/STANDARDS LOGISTICS 

PRODUCE PRODUCT 

• QUALITY PLANNING 

PJ-1827·1 

·-----·----· .. 

• OBJECTIVE PLANNING 

\ 
\ 

CEt-JTER(S) 
'> .) 

PROVIDE LOGISTICS 
SUPPORT 
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3.10 Project 1105, Task B. Systems Requirement Document 
Review (Presentation) 

This section contains the Task B, Systems Requirements 
Document presentation &iven by R. L. Moraski. 
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SYSTEM REQUIREMENTS DOCUMENT (SAD) 

ct DERIVED FROM NEEDS ANALYSIS 

e ESTABLISHES FUNCTIONAL REQUIREMENTS 

• DETAILS GENERIC NEEDS CATEGORJES 

- DESCRIPTION 

- CONCEPTS 

- EXAMPLES 

- IMPACT 

• PROVIDE BAS:S 

- SYSTEM SPECIFACTION 

- IMPLEMENTION STRATEGY 

.... - ·~ .. 
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INFORMATION RESOURCE MANANGEMENT (IRM) 

• TIMELY AND ACCURATE INFORMATION MANDATORY 

e CURRENT INFORMATION SYSTEMS GENERALLY 

- DP DEPARTMENT ORIENTED 

..... DATA STRUCTURE DEPENDENT 

a INFLEXIBLE 

4. MINOR CHANGES=MASSIVE MODIFICATION 
-HARDWARE DEPENDENT 

- NOT USED EFFECTIVELY 

e KEY TO INTEGRATION AND MFG FLEXIBILITY 

··-·:··~------ -~·· 

/ 

·~~-· 
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IRM CONCEPTS 

e FUNDEMENT AL FOF BUILDING BLOCK 

- LOG I CAL COMMON FACTORY DATA BASE 

A DISTRIBUTED 

A CENTRAL 

-NEUTRAL DATA STRUCTURE/COMMON DATA MODEL 

- HARDWARE INDEPENDENCE 

- RAPID DATA CHANGE 

A USER 

.A WITHOUT SOFTWARE MODIFICATION 

• FACTORY WID-:: COMMUNICATIONS NETWORK 

• USER DEVELOPED .INFORMATION 

e DESIGN TO MEET USER REQUIREMENTS 
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DATA ORGANIZATION 

FACTORY 
MGMT ""'-... 

NEEDS "' 

' FINANCIAL 
t.tot.n ............_ 
NEEDS ~ 

"" 
UATERIALS 

UGMT­
NEEDS 

INFORMATION 
ARCHITECTURE 

HUMAN 
RESOURCE 
MGMT~ 
HEEDS 

~ 
PRODUCT ~ 

ASSURANCE ~ 

NEEDS / 

r USER .viEW I 

PRODUCT DE>:INITION 
AND . 

PLANNING NEEDS 

LOGICAL DATA STRUCtURE 

t 
CONTROL 

ARCHITECTURE 

NEUTRAL· 
ENTERPRISE 

VIEW 

STANDARD& I f'IROCEDURE& 

/ IMPLEMENTATION 
/METHODOLOGY 

COMPUTER 
SYSTEMS 

ARCH. TECTURE INFOOMATION 

HARDWARE/ 
SOFTWARE 

VIEW 

~PROCESSING 

TECHNOLOGY 

INFORMATION 
8 rORAOE/RETREIVAL 

TECHNC~;.OOY 

THREE ARCHITECTURE APPRO,l\C'-1 
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IRM IMPACT 

e AFFECTS VIRTUALLY EVERY FUNCTION 

a REQUIRED INFORMATION TO ALL USERS 

-WHEN NEEDED 

- IN FORM NEEDED 

e IMPACT ON MANAGEMENT 

- BETTER COMMUNICATION 

- PROVIDE DECISION SUPPORT TOOLS & INFORMATION 

- SOFT ALLOCATION OF RESOURCES (MATRIX MGMT> · 

- MANAGE AND CONTROL CO. KNOWLEDGE 

- GREATER ORGANIZATIONAL FLEXIBILITY 

e IMPACT ON HUMAN RESOURCES 

-.JOB ELIMINATION 

- JOB CREATION 

- NEW SKILLS & JOB ROLES 

~~ 
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MANAGE FACTORY 
.. 

• OBJECTIVE: IMPROVE PRODUCTIVITY 

e THREE THINGS WORK AGAINST 

-REWARD SYSTEM 

A YEARLY GOALS 

&.. QUARTERLY EMPHASIS 

I e SHORT TERM OUTLOOK t 

I 
\1) 

0 

• HIERARCHIAL ORGANIZATIONAL STRUCTURE 

- FOSTERS AUTHORITARIA(4 PEOPLE MGMT 

A PEOPLE COGS IN VAST MACHINE 

.A. LOSING EFFECTIVENESS 

- NEED MORE PARTICIPATIVE APPROACH 
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.00 
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MANAGE FACTORY CONCEPTS 

e INSEPARABLE FROM IRM 

• INFORMATION INTEGRITY VITAL 

-PLAN 

-CONTROL 

- DIRECT 

lt INCLUDES 

t - TECHNOLOGY ASSESSMENT "' .... 
- IMPLEMENTATION 

-MANAGEMENT OF CHANGE 

- PRODUCT QUALITY 

- PRODUCTIVITY 

- LONG RANGE PLANNING 

A WHAT PRODUCT /PRODUCTS 

• FACILITIES 

A PERSONNEL 
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MANAGE FACTORY IMPACT 

e FINANCIAL IMPLICATIONS 

-COST ACCOUNTING 

- ROI/ROA EMPHASIS . 

e CULTURAL ASPECTS CALL LEVELS) 

-PERSONNEL 

- ORGANIZATION 

- WORK ENVIRONMENT 

o PRODUCE PRODUCT AND ASSURE 

- REASONABLE CUSTOMER COST 

- PROFIT 

- COMPANY LONGEVITY 

• IMPROVED COORDINATION THROUGH INTEGRATION 

e IMPROVED DEClO DECISION MAKING 
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PRODUCT DEFINITION & PLANNING (PDP) 

• COMBINES INTERACTIVE DEPENDENT ENGINEERING FUNCTIONS 

-DESIGN 

- MANUFACTURING 

-TOOL., ETC. 

~PRODUCT DESIGN 

-GEOMETRY 

> - ENGINEERING ANALYSIS I 

"' w 
- NON-GEOMETRIC DATA 

\ 
e MANUFACTURING PLANNING 

- PROCESS PLANS 

-TOOL PLANS 

- QUALITY PLANNING 
~~ 

- PRODUCTION PLANNING lid 
'-<~ 
c:~ 
::10 
GIVI 

e FACILITIES DESIGN 
.... 

>-'0 

1 ... 
\DO mo 
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e PLANT LAYOUT c 
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PDP CONCEPTS 

e DESIGN FOR 

-COST 

- PRODUCIBILITY 

-QUALITY 

• REDUCTION OF EC0 1S 

t e REDUCE LEAD TIME 
"' ,.. 

• DESIGN TO PROCESS VIA COMPUTER 

\ 
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PDP REQUIREMENTS 

' ' 

e REDEFINE EXECUTIVE RESPONSIBIL TY 

e COMPUTER GRAPHICS 

o SOUD MODELING 

0 PRE-PRODUCTION MFG 11 PROOFING 11 

- MFG PLANS 

-TOOLS 

- PRODUCTION SPECS 

- SET-BACKS, ETC, 

• GROUP TECHNOLOGY 

o GENERATIVE PROCESS PLANNING 

eON-LINE PERFORMANCE STATUS 
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PRODUCT ASSURANCE (PA) 

e QUALITY IS EVERYONE'S RESPONSIBILITY 

• GUS SCHRADER, VP MFG, TRW, CAM JAN 83) 

- 11 WE EXCEL AT SCRAPPING BURNT TOAST 11 

-
11 STATUS QUO UNACCEPT ABLE 11 

-
11CREATE AWARENESS FROM CEO ON DOWN 11 

- uPLAN FOR OUALITY 11 

-
11FASTEST TRACK TO PRODUCTIVITY" 

• QUALITY OR PRODUCTION 

- NO LONGER A CHOICE 

- MUST HAVE BOTH 

o DESIGN AND BUILD IN 

.... CAN NO LONGER AFFORD TO INSPECT IN 

..... , :t ,... f 
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PA CONCEPTS 

e INFORMATION IS THE KEY TO QUALITY 

a REQUIREMENTS FOR QUAL TITY QUALITY MUST BE INTEGRATED 

e IMPROVE TI&E METHODS 

- S T ATISICAL QUALITY CONTROL - DEMING 

~ NON-DESTRUCTIVE TESTING 

e IMPROVED QUALITY INFORMATION 

- INTERNAL 

-EXTERNAL 

-VENDORS 

- SUBCONTRACTORS 

-CUSTOMER 

• IMPROVED QUALITY IN 

- SOFTWARE .... EQUIPMENT - PROCESS 

-HARDWARE - PRODUCT 

e LEAD TO IMPROVED PRODUCTIVITY 
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HUMAN RESOURCE MANAGEMENT (HAM) 

e CULTURAL ASPECTS VITAL 

- WORK ENVIRONMENT 

- PERSPECTIVE OF COMPANY AND MANAGEMENT 

e FOF WILL CAT ALL LEVELS) 

- REQUIRE GREATER INVOLVEMENT OF 

A MANAGEMENT 

.l STAFF 

- CHANGE ORGANIZATIONS 

- CHANGE PHYSICAL LAYOUT 

- CHANGE JOB CONTENT 

- REQUIRE DIFFERENT SKILL AND JOB KNOWLEDGE 

e RESOLUTION OF HRM .PROBLEMS IN FOF COULD BE MORE VITAL 

THAN SOLUTION OF TECHNICAL PROBLEMS! 
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HRM CONCEPTS 

• MUST RESOLVE CULTURAL ASPECTS 

-TO GAIN ACCEPTANCE OF FOF 

- STIMULATE SUPPORT AT ALL LEVELS 

e EXTENSIVE RETRAINING REQUIRED 

-IN HOUSE 

.... UNIVERSITY 

- TECHNICAL SCHOOL 

e USE OUR HUMAN RESOURCE RESOURCE MORE EFFECTIVELY 

- NEW INCENTIVES AND MOTIVATION 

- LONG RANGE PLANNIN FOR PERSONNEL REQUIREMENTS 
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MA TERJALS MA.Nf.\GEMENT (MM) · 

e PROCUREMENT 

e STORAGE 
,~ ....... -

e MOVEMENT 
\ . 

-· ·-··· .'II(~ " e ALLOCATION 
'• 

- RAW MATERIALS 
~-----_ .. -· 

=r - COMPONENTS .... 
0 
0 ...-WORK-IN-PROCESS 

-TOOLS 

-EQUIPMENT 

- FACILITIES 

.· .;_J. .. 
eiNCLUDES ·: 

- SUBCONTRACTOR SUPPLIED COMPONENTS 

- GFE 

.' ~·-· 
. ' ..,.-. --

..... ~-~-:... . 

"' . 
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MM 

• 40-60% WEAPON SYSTEM-SUBCONTRACTED -
J ·-' ...-

,f. 

e 15-25% GFE 

• INVENTORY CARRYING COSTS 

o MATERIAL QUALITY 

·'' 
. e MATERIAL DELIVERY 

.. ./·' t 
~~ 

... 
0 ... e INTERNAL MATERIAL HANDLING r .. --

J ·~ 
-·..--: 

\ . 
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MM CONCEPTS 

o IMPROVED SUBCONTRACTOR AND VENDOR INTERFACE 

-RIGHT AMOUNT 

- RIGHT PLACE 

-RIGHT TIME 

- APPROPRIATE QUALITY 

- STABILIZED PRICE 

! e AUTOMATED MATE RIAL HANDLING 
0 
N 

e ENHANCED INVENTORY CONTROL 

e IMPROVED WORK-IN-PROCESS MANAGEMENT 

' _. ~'" ' .. 
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FINANCIAL MANAGEMENT (FM) 

e PROFITABILITY IS KEY GOAL OF BUSINESS -- FOT OR FOF 

e FINANCE IS THE EQUALIZER IN EVALUATING ALL FUNCTIONS 

• FINANCIAL STRUCTURE IS NOT A MATCH WITH PROCESSES 

e FOCUS iS ON SHORT-TERM PROFITABILITY 

e FOF MUST BETTER USE FM IN AN INTEGRATED SETTING 
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FM CONCEPTS 

• REAL TIME FEEDBACK 
-COST 

- PERFORMANCE 

- PRODUCTIVITY 

e IMPROVED INVENTORY COST MEASUREMENT 

eiNTEGRATION OF FINANCIAL SYSTEM WITH OTHER FACTORY SYSTEMS 
-. PRODUCTION CONTROL 

- MANAGEMENT CONTROL 

- MATERIAL CONTROL, ETC. 

• IMPROVED BUDGET PLANNING 

e IMPROVED FINANCIAL FORECASTING 

e IMPROVED ROI/ROA ANALYSIS 
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• EMPHASIS ON LONG TERM COMPANY VIABILITY 

- TECHNOLOGY ACQUISITION 

- STRATEGIC ISSUES 

- LESS SHORT TERM EMPHASIS 

• FACTORY WIDE DATA BASE IS KEY TO FINANCIAL INTEGRATION 
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FMIMPACT 

.. 

e KNOW FACTORY STATUS-- MANAGE ACCORDINGLY 

• KNOW TRUE COSTS, BOTTLENECKS, INEFFICIENCIES 

e OPTIMIZE INTEGRATED FACTORY FUNCTIONS 

0 ORIENT TO LONG-TERM VIABIL.I.TY, PROFIT ABILITY 

AND COMPETITIVENESS 

•FACTORY WILL BE A SINGLE COHESIVE UNIT 
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3.11 Projeet 1105. Task B. Needs Analysis Review CPres&ntation) 

this seetion eontains the Task B, Needs Analysis presentation 
siven bJ A. Wayne Snod&rasa. 
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I CAM PROJECT PRIORITY 1105 
ESTABLISHMENT OF THE FACTORY 

. -- .. . \_ 

OF THE FUTURE FRAMEWORK 

TASK B 

REVIEW TEAM 

NEEDS ANALYSIS REVIEW 

4-5 MAY, 1983 

DAYTON, OHIO 

BY 

A. W. SNODGRASS 
D .. APPLETON COMPANY, INC. 

----- ·--- .. - --------------, 

,/ 

~a 
c.. ... c: .... 
:to 
•"" ... 
.... o 
oDO 
CDO 
•o c: 



-. 

/ 

I 

I / 
" 

.·~, 

-~· 

_ .. - .. 

·" ' 

:r .... 
0 
>I> 

.. r, 

PRESENTATION OBJECTIVES 

• ESTABLISH BASIS FOR ANAL VSIS 

e ASSESS TASK RESULTS AND IDENTIFY 

• AREAS OF AGREEMENT 

• AREAS OF CONCER~4 

• REQUIRED ADDITIONAL AREAS 

e REVIEW TEAM SUGGESTIONS 
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APPROACH 

e BACKGROUND 

e NEEDS ANALYSIS DOCUMENT (NAD) FORMAT . 

• I CAM DOCUMENTATION STANDARDS 

• PROJECT PRIORITY 1105 NAD 

• AEROSPACE r\/1EMBERS l"EST APPROACH 

• REVIEW OF NAD 
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APPROACH 

e BACKGROUND 

e NEEDS ANAL VSIS DOCUMENT (NAD) FORMAT . 

• ICAM DOCUMENTATION STANDARDS 

• PROJECT PRIORITY 1105 NAD 

• AEROSPACE r~t1EMBERS TEST APPROACH 

e REVIEW OF NAD 
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C'.ON&IKUCTKlH INUORATION 
NftDI AlE QUIRIEUIENTI PRIEUUINARY DETAIL lo \ltRifiCAllON VAUOATION• IUPliEUfNT UAINT A aM ANil 

ANAlV61& DrffiNITION DUIGN DUIGN JUT lUll ANDUU IUI'PORT 

UJJDIER&TAND fORMUlATE AND DUILD AND INUORA Tl IUPliEUIENT AND MAINTAIN 
I'ROIUIEU JUITlfY iOlUTION IOl.Ul&ON IOlUltON 
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NOTE: Tlllli FIGliRIE IUOWi Ttl£ RIELATIONiiUIP Of Ttll TABK "I" UTAIU5H fACTCfiY OF TUIE FUTURE 
C.ONCEPTUAL fRAU£ \iJORI( DfLIViRA&liEI TO Ttl£ ICAU LifE CVCli. Ttlli UATRIX IIi OffiRIE:l TO 
CLARIFY PRIECI61ELV WIIAT TASK "I" WILL AND WILL NOT PROVIDl.IPiCIFICALLY, TllfRE WILL BE 
ONLY A CONCEPTUAL DIE&IGN lltli FRAUWORKI FOR UIIE FACTORY OF TtiE fUTURf f'RODUC£0. AlL 
EFFORT& IN Ttllli TASK ARIE AIUfO AT A CONCEPTUAL fRAUfWORK, NOT A DETAIL DIE&ION fOR TillE 
FACT OilY OF Ttl£ FUTURi. 
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NEEDS ANALYSIS PER SOW 

PURPOSE: IDENTIFY THE PROBLEMS TO BE . 

ADDRESSED BY THE CONCEPTUAL 

FRAMEWORK 

REQUIREMENTS: 

- RELATE "BOTTOM-UP• NEEDS TO 

"TOP-DOWN• GOALS 

- FROM INTEGRATED FACTORY VIEW 

- CONTEXT DEFINED FROM MFG-0, 1 

& DES-0, 1 

- FOLLOW DOC. STDS. 

"A NEED IS A STATEMENT OF DEFICIENCY OR VOID IN 

AN EXISTING MANUFACTURING SYSTEM." 
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TERMS AND ABBREVIATIONS 

• FACTORY 

• FACTORY OF THE FUTURE (FoF) 

• Fof CONCEPTUAL FRAMEWORK 

• FoF IMPLEMENTATION STRATEGY 

• GOAL 

• NEED 

• IMPROVEMENT CONCEPT 
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COALITION TASK 

UASIS" 
ARCHITECTURE/ 

FUNCTIONS 
1982 

' ' 
'~ 

/ 
/ 

/ 

SCOPING 
DOCUMENT 

"TO BE'' 
CONCEPTUAL 
FRAMEWORK 

1995 

/ 1983 1984 1985 1986 1987 1995 
I I I .. I 

--~'~~~----'·--~--------~-----

IMPLEMENTATION 
STRATEGY 

STRATEGY 

00 GOALS 

0 CONCEPT 

I DESIGN 

. ::.. - _, 

II IMPLEMENT 

Ill 

REF: FIG 3-3 PG 5 
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(scOPING DOCUMENT' 

GOALS , 

NEEDS STATE·OF·THE·ART 

IMPROVEMENT 
CONCEPTS IMPLEMENTATION 

STRATEGY 

I SYSTEM REQUIREMENTS ] 

.qt. 
I SYSTEM SPECIFICATION 

REF: FIG 3-4 PG 3-6 
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INFLATION vs U.S. PRODUCTIVITY GROWTH -

~ IHFLAT{ON (CPI) 

D PROOUCTIV ITY GROWTH 

12.41 

9% 

1950-1965 1973-1979 1980 

SOURCE: U.S. BUREAU OF LABOR STANDARDS (BLS) 

FIGURE A-1 PG A-1 
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RATIO OF INVESTMENT TO 

GNP vs PRODUCTIVITY GROWTH 

5 

(MANUFACTURING 1960-1977) 

10 15 

ITAlY e 

FRANCE 

20 25 

INVESTMENT (S OF GNP) 

30 35 

FIGURE A-2 PO A-2 
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PRODUCTIVITY FORMULAS 

FORMULA 1: 

FORMULA 2: 

FORMULA 3: 

GOAL: 

OBJECTIVE: 

RESULT: 

FIGURE A-3 PG A-3 

PRODUCTIVITY = OUTPUT ($) 
INPUT ($) 

SELLING PRICE ($) 
PRODUCTIVITY = TOTAL COST ($) 

PRODUCTIVITY = SELLING PRiCE 
DIRECT ($) t INDIRECT ($) +MATERIAL ( 
LABOR LABOR (DIR. & IND. 

GOAL + 1 REDUCE ANY OF THE COSTS WHILE 

HOLDING PRICE CONSTANT. 

GOAL +2 REDUCE FLOW THROUGH TIME FOR 
ANY COST ITEM. 

CONVERT CAPITAL TO RESOURCES; RESOURCES 
TO PRODUCTS; PRODUCTS TO REVENUE (REVENUE 
MINUS COST EQUALS PROFIT); PROFIT TO CAPITAL. 

PRODUCTIVITY IS IMPROVED BY RAPID CONVERSION · : 
OF CAPITAL TO PROFIT AND BACK AGAIN TO CAPITAL. g 
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APPENDIX A - DETAILED FoF GOALS DISCUSSION 

• REDUCE COST /PRICE & INCREASE PROFITS 

• IMPrOVE QUALITY 

./'. e IMPROVE HUMAN RESOURCE MANAGEMENT 

• REDUCE LEAD TIME 

• IMPROVE MANUFACTURING FLEXIBILITY 
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[Q1 OMPUTER II1 NTEGRA TED MJ ANUF ACTURING 

. MANUFACTURING SYSTEM INTEGRATION 
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SOLUTION - CIM 

INTEGRATION: 

• FORMING INTO A WHOLE 

• SHARE A COMMON COMPONENT 

• PHYSICAL INTEGRATION 

• INFORMATION INTEGRATION 
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~MPUTERj}N"J_:EGRA TED 'MJANUFACTURING 

e MANUFACTURING, WHICH BEGINS WITH PRODUCT DESIGN 

AND ENDS WITH SUPPORT AND MAINTENANCE IN THE FIELD, 

IS A MONOLITHIC, INDIV~SIBLE FUNCTION. --- NO PART CAN 

BE ~UCCESSFUl:l:Y CONS;DERED IN ISOLATION FOOL, Alb 

QTHEJJ PAJJTS, 

e DIVEI1SE AS THE VARIOUS PARTS OF tAANUFACTURit~G f,1AY 

SEEPv,, THERE IS A COMMON THREAD THAT RUNS THROUGH 

THE FULL SCOPE OF All MANUFACTURING ACTIVITIES. ·--
' ~3 

~ ... 
MANUFACTURING IS, IN THE ULTIMATE ANALYSIS, A SERIES i ~ 

OF DATA PROCESSING OPERATIO~ 

DR. JOSEPH HARRINGTON 
1080 CAD/CAM CONFERENCE 
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CHANGING THE FOCUS 

4t EMPHASIZE INTEGRATIO~ OF MANUFACTURING 

ACTIVITY VERSUS SPECIALIZATION. 

o REFOCUS MANAGEMENT A TTEt~TION FROM _____ ......_ _ _..___........__ .............. --...__..... ...................................... 

f 

P~ANUFACTURING TECHNIQUES TO MANUFACTURING 

SYSTEMS. 

e FACE AND RESOLVE NEED FOR MANAGEMENT 

ORGANIZATION RESTRUCTURING 

JIM LARDNER 
DEERE& CO. 
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RESOURCE MANAGEMENT 

CAPITAL 

RESOURCES 

HUMAN 

RESOURCI:S 

MANAGERIA-L 
SUBSYST~M 

TECHNOLOGICAL 
PRODUCT 

SUBSYSTEM 

HUMAN 
SUBSYSTEM 
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BJiSOURCES 
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INFOBMA TION R£SO!JBCE MANAGEMENT (IRM~ 

"INFORMATION IS THE fAANAGER 11S MAIN TOOL, 

INDEED THE MANAGER'S "CAPITAL", AND iT IS HE 

WHO PAUST DECIDE WHAT INFORMATION HE NEEDS 

AND HOW TO USE IT: 

PETER DRUCKER-•MANAGING THE INFORMATION EXPLOSION• 
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INFORMATION RESOURCE AND t-IUMAN 

RESOURCE MANAGEMENT 

• THE PRODUCT OF ANY EMPLOYEE THAT DOES NOT 

LAY HANDS Ot~ THE HARDWARE PRODUCT IS QAIA 
AND/OR DECISIONS. 

• EMPLOYEE "PARTICIPATION" IS DEPENDENT UPON. 

KNOWLEDGE OF THEIR SURROUNDING ENVIRONMENT 

£\NQ CONTRIBUTION OF THEIH JLJ\IA. 

• ITJ EAM (M1 ANAGEMENT liJ ECHtJIQUES OFFER AN 

EXPLOSIVE IMPACT ON PRODUCTIVITY 

' 

a· TMT STRUCTURED MElliODOLOGIES CHANNEL THIS 

· ENERGY TOWARD MTOP DOWN" PLANNING GOALS 
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FoF FINANCIAL MODEL 

LABOR - 312: 

PURCHASED MATERIALS AND 
SERVICES - 541 
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INTEREST 1.51 
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AEROSPACE MEMBERS TEST APPROACH 

e COALITION - FRAMEWORK ."STORYBOARDING" 

e MANAGERIAL AND TECHNICAL INTERVIEWS 

o NEEDS/OPPORTUNITIES FOR IMPROVEMENT 

e U\U,ROVEMENT CONCEPTS REQUIRED 

• ENABLING TECHNOLOGY REQUIRED 
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AERC)SPACE MEMBERS TEST APPROACH (cont'd) 

e ~~~PROVEMENT CONCEPTS ANALYSIS BASELINE 
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FoF NEEDS n -
e TWO HUNDRED INITIALLY IDENTIFIED (200) 

• THIRTY SEVEN MAJOR AREAS (37) 

e SEVEN NEEDS CATEGORIES 
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NEEDS ANALYSIS RESULTS 

• REDUCE PRODUCT COST AND LEAD TIME 

- MARKETING 

- MANAGING 

- DESIGN AND ENGINEERING 

•· PROVISIONING 

- PRODUCTION 
t 
~ - LOGISTICS . 
4' 

8 IMPROVED FACTORY INFORMA.TION MANAGEMENT A.ND COMMUNICATION 

-FASTER, MORE ACCURATE INFORMATION FLOW 

- GIFIEA TER USE OF COMMON INFORMATION 

- UJ.IPROVED USER ACCESS TO REQUIRED INFORMATION 

- IMPROVED iNTEGRITY OF INFORMATION 

- IMPROVED DEFINITION OF RESOURCE REQUIREMENTS 

- BETTER INFORMATION ON RESOURCE USE . 
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NEEDS ANALYSIS RESULTS (cont' d) 

- IMPROVED FLEXIBILITY AND RESPONSIVENESS 

e IMPROVED MANAGEMENT 

- INCREASED JOB SATISFACTION 

- DETTER USE OF PERSONNEL SKILLS 

- MORE EFFICIENT USE OF RESOURCES 

- MORE EFFICIENT MANAGEMENT OF 

8 PROPOSALS 

• MATERIAL FLOW 

• MAINTENANCE 

• TRAINING 

- CLOSER COORDINATION OF SCHEDULES AND PRIORITIES 

- IMPROVED TRANSLATIOU OF STRATEGIC BUSINESS PLANS · 

• TACTICAl & OPERATIONAL PlANS 
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NEEDS ANALYSIS RESULTS (cont' d) 

• MORE CONSISTENCY WITH BUSINESS PLANS 

- IMPROVED FINANCIAL MANAGEMENT METHODS 

e ROI AND ROA At.,AL YSiS 

• IMPROVED COST TRACKING 

• iMPROVED BUDGET PLANNING AIDS 

a IMPROVED FORECASTING METHODS 

- IMPROVED MANAGEMENT Of TECHNOLOGICAL CHANGE 

• BETTER TECHNOLOGY IDENTIFICATION 

o IMPROVED METHODS Of EVALUAT~ON 

• IMPROVED PLANNING . 

• IMPROVED CONTROL OF IMPLEMENTATION 

- BETTER PRODUCT ASSURANCE INTEGRATION 4ND OPTIMIZATION ~a 
. '"' .... . ·., .:: .... 

=' 0 - IMPROVED DECISION SUPPORT 1D ~ 
t-'0 
oDO 
1»0 

• BETTER METHODS TO IDENTIFY REQUIREMENTS ... g 
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NEEDS ANALYSIS RESULTS (cont'd) 

• BETTER SUAULATION TOOLS 

• BETTER OPERATIONS RESEARCH TOOLS 

e BETTER EVALUATION CONCEPTS 

• IMPROVED HUMAN RESOURCE MANAGEMENT 

- BE1"TER ORGANIZATIONAL PLANNUjG 

- BETTER USE OF HUMAN RESOURCES 
t 
~ . -GREATER JOB SATISFACTION AND MOTIVATION 

-LONG TERM MEASUREMENT AND REYJARD SYSTEM 

- BETTER RECRUITING 

- BETTER ORIENTATION AND TRAINING 

- BETTER CAREER DEVELOPMENT 

e IMPROVEI> FUNCTIONAL OUTPUT 

-MARKETING 

,· 
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NEEDS ANALYSIS RESULTS (cont'd) · 

• PROPOSALS 

• MARKET INTELLIGENCE 

- PRODUCT DEFINITION AND PLANNING 

• IMPROVED PRODUCT DESIGNS 

• IMPROVED MANUFACTURING PLANS 

• IMPROVED EOlJ~?MENT AND FACILITIES DESIG~~ 

- PROVISIONING 

• BETTER FACILITU;S 

• BETTER EQUIPMENT 

• BETTER TOOLS 

• BETTER MATERIALS 

• GREATER FLF.XIBILGTV 

• PRODUCT CHANGE 

• PROCESS CHANGE 

\ . 
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NEEDS ANALYSIS RESULTS (cont'd) 

- MAl~UFACTURING 

• PRODUCT QUALITY 

• SCHEDULE PERFORMANCE 

- LOGISTICS 

& CUSTOMER SUPPORT 

• CUSTOMER TRAINING 

• KCTS AND SPARES 
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. SEVEN NEEDS CATEGORIES 

e INFORMATION RESOURCE MANAGEMENT 

• fAANAGEMENT 

• PRODUCT DEFINITION AND PLANNING 

8 PRODUCT ASSURANCE 

e HUMAN RESOURCE ~J1ANAGEMENT 

e MATERIALS MANAGEMENT 

e FINANCIAL MANAGEMENT 
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IMPLEMENTATION STRATEGY - .. . ,.. 
e FoF MANAGEMENT 

- COP~CEPTS 

-OBJECTIVES 

-CONTROLS 

• AVAILABlE TECHNOLOGIES 

-WHEN USED 

- LOGICAL IMPLEMENTATION SEQUENCE 

e PHYSICAL FACTORY RESOURCES 

-LIMITATIONS 

- OPPORTUNITIES 

e COMMUNICATION AND INFORMATION MANAGEMENT 

-NEW CONCEPT IMPLEMENTATION 

- AFFECT ON FACTORY 

REF: 3.3 PG 3-17 
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IMPLEMENTATION STRATEGY (cant' d) 

• FINANCIAL MANAGEMEf~T 

- NEW ACCOUNTING METHODS 

- DIRECTION AND CONTROL 

• FUNCTIONS/ ACTIVITIES 

- WliAT WILL BE ADDED, DELETED OR CHANGED 
• 

. . .- -.-, r ~ 
' ···"--/• '' . 

·~ . 

:r - HOW SHOULD OlD BE PHASED OUT AND NEW PHASED IN 
.... ,. 
w 

e ORGANIZATION STRUCTURE 

- NEW TECHNOLOGY APPLICATION CHANGED 

- HUMAN SKILL REQUIREMENT CHANGk:S 

. ·---~ .. ., __ ......,.. ... , ...,;_.-, .... - . ••• .... ~•""•'•'',..,..."""'""' .... ~ -..1•HW.... ,.._,• 
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NEEDS NOT ADDRESSED 

e ENVIRONMENTAL CONDITIONS 

- TEC~;NOLOGICAL 

-ECONOMIC 

- REGULATION 

- PHYSICAL ENVIRONMENT 

-MARKET 

e MAt~AGEMENT STYLE 

- REQUIRED CHANGES 

- IMPLEMENTATION STRATEGY 

REF: 3.4 PG 3-20 
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I NEEDS ANALYSIS CONCLlJSIONS 
-= ... 

.. 
o INFORMATION RESOURCE MANAGEMENT (IRM) 

AND INFORMATION TECHNOLOGY ESSENTIAL 

e MANAGEMENT AND IRfJJ SEPARATION U\~POSSIBLE 

• ENGINEERING FUNCTION COMBINA"fiON ESSENTIAL 

e QUALITY IS PRODUCTIVITY FAST TRACK 

e CULTURAL CHANGE MANAGEMENT VITAl 

e MATERIALS MANAGEMENT CRITICAL 

e DIRECT vs INDIRECT MANAGEMENT CRITICAL 

REF: 3. 7 PG 3-35 
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INTRODUCTION TO THE STATE-OF-THE-ART SURVEY 

PURPOSE: TO INVESTIGATE THE STATE-OF-THE-ART TECHNOLOGY 
WHICH SUPPORTS THE FACTORY OF THE FUTURE <FoF> 

FOCUS: FACTORY MANAGEMENT LEVEL 

SCOPE OF THE SOA SURVEY: 

I , 

PRIMARY: fiDST CURRENT TECHNOLOGY WITH A DEfo10USTRATED 
POTENTIAL FOR COST EFFECTIVENESS 

SECONDARY: LEADING EDGE TECHNOLOGY WITH A POTENTIAL FOR 
DEMONSTRATING COST EFFECTIVENESS BY 1995 

EMPHASIS: COMMERCIALLY AVAILABLE TECHNOLOGY 

A-1 
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INTRODUCTION 

CAPTURING THE STATE-OF-THE-ART: 

- AIMING AT A HOVING TARGET 

- A SNAPSHOT IN TIME 

CONSTRAINTS: 

WHILE MANUFACTURING NEEDS MAY REMAIN FOR 

20 YEARS (IMPLEMENTATION CONSTRAINED) THE 

SOA .IS CONSTANTLY CHANGING (INNOVATION 

CONSTRAINED), 

. - ' 
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AVAILABLE TECHNOLOGY 

COfHROL IS COf·1POSED OF: 

1) PLAN WoRK 

2) LoAD RESOURCE!~ 

3) IMPLEMENT PLAN 

4) FEEDBACK CoNTROL INFORMATION 

5) MEASURE PERFORMANCE 

6) TA~E CoRRECTIVE AcTION 

~ 
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AVAILABLE TECHNOLOGY 

INFORMATION/COMHUNICATIONS IS THE UNDERLYING ASPECT 

OF ALL THAT IS DONE 

CONTROL IS A GENERIC ASPECT OF ALL THINGS THAT ARE DONE 

THE DESIRE IS TO BE IN CONTROL 

J 
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A. T .I INFORMATION RESOURCE MANAGEMENT 

THE GLUE THAT BINDS 

··-

tBIS NEEDS: 

- NEUTRAL DATA STRUCTURES. 

- ABILITY To CoMMUNICATE 
BETWEEN AcTIVITY AND 
INFORMATION REPOSITORY, 
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A. T .IIRM/ DATA BASE f1ANAGEMENT SYSTEMS 

DBMS: SOFTWARE SYSTEMS DEVOTED TO MANAGEMENT OF DATA INTERRELATIONSHIPS 

_/ 
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1) CENTRALLY LOCATEDI 

ACCESS PTS ~ 

2) DISPERSED: 

ONE FILE 
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A.T./IRM/DBMS- APPENDIX A 

TYPES OF DBMS SURVEYED: 

1) RELAT tONAL 

2) NETWORKING 

I 
I 

INFORMATION FORMAT: 

DBMS NAME: 
VENDOR: 
PRICE: 
HARDWARE: 
TYPE oF DBr~s: 

HosT lANGUAGE: 
DATA DEFINlTlOH: 
DATA AccEss: 
DATA INTEGR lTY: 
EPROR HANDLING: 
SECURITY: 
SPECIAL FEATURES: 

1.· 
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3.1.Ll I 
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COMPUTER NETWORKS 

1 PROLIFERATINti SINCE MID-TO-LATE 1970's 

t MOST COM~10N OF THESE HAVE BEEN BASED ON OFF-THE-SHELF 
HARDWARE 

- USING HARDWIRE LINKS OR TELEPHONE rlODEMS 

t EARLY VERSIONS BASEO ON HIERARCHICAL STRUCTURES 

- USED IN PROCESS CONTROL AND TRANSACTION 
PROCESSIN' ENVIRONMENTS 

SOME COMBINED HIERARCHICAL STRUCTURES 
WITH BUSES AND LOOPS 

t SYSTEMS BASED ON OTHER INTERCONNECT STRUCTURES HAVE 
EVOLVED TO MEET THE DIVERSITY OF PROCESSING REQUIREMENTS 

/ 
,, 
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DBNS: 12 INCLUDED IN SUMMARIES 

1) ENCOMPASS 
TANDEN COMPUTERS# INc. 
RELATIONAL 

2) ORACLE 
RELATIONAL SOFTWAP.EI INc. 
RELATIONAL 

3) DATACOM/DB 
APPLIED DATA RESEARCH 
RELA"i'IONAL 

4) NOMAD 2 
NATIONAL CSS 
RELATIONAL 

5) SQUDS 
IBM 
RELATIONAL 

6) INQUIRE AND (Q/NET 
INFODATA SYSTEMS, INc. 
Rr;LATIONAL 

]) PRIME DBMS 
PRIME CoMPUTER, INC. 
NETWORK 

8) DM-IV 
HoNEYWELL INFORMATION SYSTEMS, INC. 
NETWORK 

9) INGRES 
RELATIONAL TECHNOLOGY, IN_C. 
RELATIONAL 

10> SEED 
INTERNATIONAL DATA EASE SYSTEMS, INC. 
NETWORK 

11> TOTAL 
CINCOM SYSTEMS, INC. 
NETWORK 

12> DBMS-10, DBMS-20 
DIGITAL EaUIPMENT CoRP. 
CODASYL NETWORK 

3 .l.Ll 
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~~~R~ DBNS: 12 INCLUDED IN SUMMARIES 
.. 

·. / 
/' ., · . .. ,_. 

1> ENCOMPASS 7) PRIME DBMS I 
.. .. TANDEN f.oMPUTERSJ INc. PRIME CoMPUTER, INc • 

RELATIONAL NETWORK 

" 2) ORACLE 8) DM-IV 
RELATIONAL SOFTWARE} INc. HoNEYWELL INFORMATION SYSTEMS, INc. 
RELATIONAL NETWORK 

3) DATACOf1/DB 9) lNG RES 

t 
APPLIED DATA RESEARCH RELATIONAL TECHNOLOGY} INc. 

.... RELATIONAL RELATIONAL 
VI .... 

4> NOMAD 2 10) SEED 
NATIONAL CSS INTERNATIONAL DATA BASE SYSTEMS, INC. 
RELATIONAL NETWORK 

0 0 

5) SQUDS 11> TOTAL 
IBM CINCOM SYSTEMS, INc. 
RELATIONAL NEniORK 

6) INQUIRE AND IQ/NET 12) DBMS-10, DBMS-20 ~a 
INFODATA SYSTEMS} INC. DIGITAL EauiPMENT CoRP, C... I-' c ..... 

=' 0 

RELATIONAL CODASYL NETWORK $ V' ..... 
t-'0 

3.1.1.1 
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A.T./IRM/ COMPUTER NETWORKS 

LINKING INFORf'1ATION PHYSICALLY IN THE FACTORY 

"TAPPED" ' 
LINE 
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~~~R~ COMPUTER NETWORKS 

THE FOLLOWING MAJOR TECHNOLOGIES ARE PARTICULARLY RELEVANT 
TO TRENDS IN COMMUNICATION NETWOPKS: 

I 

• ETHERNET 

- LOCAL AREA NETWORKS AND THEIK ; :TERr.f'~w:cn oN 

> SPEED AND CONNECTION TO OTHER NETWORKS 

' HYPER nus 

- LOCAL AREA NETWORK COMMUNICATION SYSTEM 
' 

> SPEEDY (BUT EXPENSIVE) 

i • THE INTELLIGENT CABLE (TIC) 
i. 

> BROAD BAND (FLEXIBILITY) 

I 

. 
3.1.1.2 
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Name 

•' ·:;~ .. 
·~ 
·~~-

I 
" ..• 
~,~·· Cambridge .. 

·\ gi'• Clusterbus \ .. I 
... 

' ~-
Ethernet f\'r' 

l< >- Fla shnet 

~~ 
I 
~ 

HYPER channel a-
~-~ 

0 

·1· ILLINET 
, .• f LCS ring .. 
l.'i'.!. 
l'f.' HITRENET rr_. 
1; ... 

\~·: 

MOD WAY 

Net/One 

WangNet 
', -, 

:· ......... Z-tlET 

"' .. ' ~ - . 

AT/IRM/ NETWORKS 

TABLE 3-1 

Representative Local Area Networks 

Vendor/developer Topology . 
.. 

Cambridge Univ. ring 
Nestar Sys. bus 
Xerox Corp. bus 
Ford Aerospace ring 
Network Sys. Corp. bus 
Univ. of Illinois ring 
HIT ring 
Hftre Corp. bus 

Goul d-Hodi con bus 
Ungennann-Bass. Inc. bus 
Wang laboratories, Inc. bus 

Zflog Corp. bus 

Access method 

Til-'A (token) 

TDMA (CSMA) 

Til-' A ( CSM.f\/CD) 

TDMA (token) 

Tll<lA ( CSMA/CO) 

TOMA (token) 

TllfA (token) 

FDM, TOMA 
(CSMA/CO) 

TIJ.1A (token) 

TDMA (CSMA) 

fDM. TDMA 
(polled) 

TO!~ A ( C SMA/CD) 

"· "' c. 
c: 
i 
t-
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AT/IRM/ USER INTERFACE 

HARDWARE AND SOFTWARE CAPABILITIES TO PROVIDE. EASE OF OBTAINING 
AND SUPPLYING INFORMATION ? 

• 
HARDWARE INTERFACE 

- HUMAN INTERACTION 

- MACHINE INTERACTION 

SOFTWARE INTERFACE 
- USER fRIENDLINESS 

- HIGH LEVEL lANGUAGE PROLIFERATION 

ADVANCING TECHNOLOGY 
- 5TH GENERATION COMPUTERS 

- ARTIFICIAL INTELLIGENCE 

- PARALLEL COMPUTING 

3.1.1.3 -·- ______________________ ...;..._ __ _.;... ____ ___, 
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AT/IRM/ USER INTERFACE 

HARDWAHE - HUMAN INTERFACE (WITH CAD): 

BUILDING BLOCK SYSTEMS 

() . . 
BJa 
a ~ 

RASTER GRAPHICS 

BOUNDARY REPRESENTATION 
CONSTRUCTIVE SOLID GEOMETRY 

3.1.1.3.1.1 

I 
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AT/IRM/ USER INTERFACE 

HARDWARE - f1ACH I NE: 

0 PROGRAMMABLE CONTROLLERS (PC): 

- HAVE KEPT UP WITH TECHNOLOGY 

- SOONER OR LATER EVOLVE TO HIGH-LEVEL LANGUAGE 
(vs, RELAY-LADDER LANGUAGE) 

o WoRK STILL NEEDED: 

- 1/0 INTERFACE STANDARDS 
PC's TO TIE INTO DATA BASES 

3.1.1.3.1.2 
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I ~~~R~ ATIIRMI ADVANCING TECHNOLOGY 

5TH GENERATION COMPUTERS 

- INTELLIGENT INTERFACE 

- KNO'WLEDGE-BASED t1ANAGEMENT 

- PROBLEM SOLVING AND INFERENCE 

3.1.1.4 
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AT/IRM/ USER INTERFACE 

SOFTWARE INTERFACE: 

o USER FRIENDLY IS NORMATIVE 

o PROLIFERATION OF HIGH-LEVEL LANGUAGES 

BASIC 
FoRTRAN 
CoBOL 

PASCAL 
PL-1 
Ere. 

- SOFTWARE IS BECOMING PRIME. BOTTLENECK IN 
DEVELOPING COMPUTER SYSTEMS 

o IS ADA THE ANSWER? 

- EVEN IF VES~ TOO FAR AWAY TO BE PRACTICAL 

o MEANWH ILL APPLICATION SPECIFIC LANGUAGES HOLD LIMITED PROMISE 

- I.E.J VISICAL 

f1APPER (UNIVAC) 

ADVISE 1100 (PROGRAMMER SUPPORT) 

ETc. · 

3.1.1.3.2 ......, ... • 
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AT II RMI ADVANCING TECHNOLOGY 

ARTIFICIAL INTELLIGENCE: 

MIMIC OR SUPPLEMENT HUMAN INTELLIGENCE IN A 
DECISION-MAKING CONTEXT 

1) KNOWLEDGE BASE 

- SET OF I.NFORMATION (DATA) AND ITS INTERRELATIONSHIPS 
<DBMS LIKE) 

2) INFERENCE PROCEDURE 

- "REASONINGu/LEARHING CAPABILITIES 

- HYPOTHESIS MODIFICATION UNTIL APPROACH FOUND 
THEN TRANSLATED INTO A PROGRAM AND RUN 

THE DEFINITION OF AI IS FLUID: 

- VISION CAPABILITIES NO LONGER CONSIDERED AI 
- VOICE ENTRY BECOMING LESS AND LESS AN AI 

IN FACT, THEY ARE NOW BECOMING CONSIDERED AS 
SOPHISTICATED INPUT MECHANISMS 3.1.1.4.1 
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AT/IRM/ ADVANCING TECHNOLOGY 

PARALLEL COMPUTING: 

SERIAL COMMUNICATIONS CHANNEL BETWEEN THE CPU AND RAM 

THESE MACHINES ARE USuALLY DIVIDED UP iNTO: 

- MULTIPLE SPECIAL PURPOSE FUNCTIONAL UNITS 

ASSOCIATIVE PROCESSORS (EG, KEY WORDS, ETC) 

- ARRAY PROCESSORS 

- DATA FLOW PROCESSORS 

- END STORAGE PROCESSORS 

- DATA BASE PROCESSORS 

i 
' I 

3.1.1.4.2 
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AT/IRN/ ADVANCING TECHNOLOGY 

ARTIFICIAL INTELLIGE~CE (CoNTINUED) 

NATURAL LANGUAGE SYSTEMS: 

0 INTELLECT (AI CoRP) 

0 PLANES (U.S. NAVY) 

0 SRI WORKING A GENERAL PURPOSE SYSTEM 

INTELLIGENT OR EXPORT SYSTEMS: 

1) PRODUCTION SYSTEMS 

MODULAR KNOWLED~E REPRESENTATION SC.HEMES 
- BASED ON RULES (CALLED PRODU~liONS) 

IN THE FORM OF CONDJTION-A~TION PAlRS 
<IF~ THEN= FORMALISM> 

2) FRAME-BAsED SYSTtMs 

- UECL~RATIVE WAY OF RELATIVING FACTS IN ~ETWORKS 
1.E,1 GRoUP TECHNOLOGY Svs~~Ms (CLASS & coDING) 

-·----·----~-----·-------'--------- _______ .... 3_.1_.;..;;1..;...4..;..;.~1-_.l 
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AT/IRM/ ADVANCING TECHNOLOGY 
11-------..&..--------..a•t'•l ,~, .t. ... __ .,._.r, . ...-.-----~------..;._ ______ ....... 

PROBLEMS WITH PARALLEL STRUCTURES: 

- DESIGNING EFFICIENT SOFTWARE IS DIFFICULT 

- INTERCONNECTION DEVICES MAY COST MORE THAN THE COMPUTER ITSELF 

APPROACHES TO FAST CGr1PUT I NG: 

1) fAST COMPONENT APPLICATIONS 

2) PARALLEL STRUCTURES {E.G,I SHARED CPU's) 

- SUPER COMPUTERS ARE SUPER IN PERFORMANCE AND: 

0 COST OF HARDWARE 

0 . COMPLEX lTV 

I 
i 

3.1.1.4.2 
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'. IV. 

APPLICATIONS TECHNOLOGY 

DEFINITION: COMMERCIALLY AVAILABLE TECHNOLOGY WHICH ADDRESSES THE 
SEVEN NEEDS CATEGORIES 

LEVEL ONE: 

LEVEL TWO: 

• ICAM SUBSYSTEMS TECHNOLOGIES IDENJIFIED IN 
PREVIOUS S.O.A. SURVEYS 

- SUMMARIZED IN TERMS OF FoF GENERAL·MANAGER 
LEVEL 

- PROVIDES CONTINUITY AMONG PROJECTS 

- TAKES ADVANTAGE OF PREVIOUS WORK DONE IN 
ICAf1 EFFORT 

- ASSISTS IN BINDING SU~SYSTEMS.TOGETHER 
INTO THE FoF CONTEXT 

• INTEGRATED SYSTEMS TECHNOLOGIES 

- A VIEW OF COMMERCIALLY AVAILABLE ATTEMPTS 
AT TOTAL FACTORY-SYSTEMS INTEGRATION 

- KEY TO FoF S.O.A. 
- VIEWED IN TERMS OF FoF MAJOR FUNCTIONAL AREAS 3 .1.2 
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~~uR~ SUBSYSTEMS TECHNOLOGY 

THE SOA OF FACTORY LEVEL MANAGEMENT/INTEGRATION HAS LAGGED 
CONSIDERABLY BEHIND ADVANCEMENTS MADE IN DISCRETE ELEMENTS 
OF THE FACTORY STRUCTURE. 

• MosT OF THE DISCRETE BUILDING BLOCKS OF THE Fof 
HAVE BEEN AT LEAST IDENTIFIED, IF NOT DEVELOPED 
OR MADE COMMERCIALLY ~VAILABLE, 

• IN COMPARISON, RELATIVELY LITTLE HAS .BEEN DONE 
TO DESIGN AND IMPLEMENT AN INTEGRATED FACTORY 
LEVEL MANAGEMENT STRUCTURE, THE REASONS ARE 
STRAIGHTFORWARD: 

- IT IS EASIER TO DEVELOP DISCRETE AREAS 
FIRST 

- h IS OVERWHELMING TO CONVERT AN.ENTIRE . 
OPERATION 

- IT IS RISKY TO INVEST MASSIVELY IN THE FACE 
OF ECONOMIC AND MARKET UNCERTAINTIES 

- IT REQUIRES A HIGH LEVEL COMMITMENT 

3.1.2 



INTEGRATED SYSTEf1S TECHNOLOGY 

THE ISLANDS: I 
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LINKAGE: 

• HEWLETT PAcKARD •MANuFACTURER's PRooucTIVITY NETWORK• 

e G.E. •fACTORY·wiT~ A FuTURE• 

• SPERRY UNIVAC wUNJs•: AN INTEGRATED CAD/CAM SYSTEM 

I OTHERS VIA ACQUISITION, MERGERS AND EXPANSION 

3.1.2 --- ~--~--...._. ____ w _______ ., ________ .,._,_., _______________________ ...,. 
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KEY DIFFERENCES.BETWEEN INTEGRATED VS STAND-ALONE SYSTEMS 

• INcREASED AccESSIBILITY AND SHARING 

I INCREASED FLEXIBILITY AND RESPONSIVENESS 

I IMPROVED INTEGRITY AND TIMELINESS 
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I.S.T I: t-( --7') PROVIDE CUSTOMER LIAISON <AD 

, 
PROVIDE 

CusToMER 
.. LIAISON A,m 

SERVICES 

THE PRIMARY DRIVERS OF GENERIC NEEDS ARE: 

• MANAGEMENT AND CoNTROL · 

- IMPROVED PROPOSALS 

- IMPROVED CONTROL OF MARKETING ACTIVITIES 

- IMPROVED MARKETI~G SERVICES 

I PRODUCT DEFINITION AND PLANNIN~ 

- REDUCE COST AND LEAD TIME FOR MARKETING ACTIVITIES 

3 .1.2 .1 
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STATE OF INTEGRATED SYSTEMS: 

t MARKETING MoDULES ARE DIRECTED TO HIGH VoLUME CoMMERCIAL 
AND CoNSUMER PRODUCT INDUSTRIES 

- RESULT: . FEATURES RELATING TO CONTRACT OPERATIONS 
ARE ABSENT 

e MARKETING MoDULES HAVE: 

- ORDER TRACKING CAPABILITIES 

SCHEDULE IMPACT EVALUATION 

- COST AND BILLING FEATURES 

• NoNE oF THE MARKETING MoDULES HAVE: 

- PRODUCT DEFINITION AND PLANNING 

3 .1.2 .1 
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I. sIT.: MANAGE F/,CTORY OF THE FUTURE <A2> 

,·. 
~ -........ -

MANA liE 
FACTORY .. 
OF TUE 
FUTURE 

THE PRif1ARY DRIVERS OF GENERIC NEEDS ARE: 

I MANAGEMENT AND CONTROL 

- IMPROVED TRANSLATION OF STRATEGIC 
PLANS 

- IMPROVED MANAGEMENT OF RE~OURCES 
AND TIME 

-, 

I 

- IMPROVED MANAGEMENT OF TECHNOLOGICAL 
CHANGE 

- IMPROVED DECISION SUPPORT 

• PRoDucT AssuRANCE 

1 HuMAN REsouRCE MANAGEMENT 

t FINANCIAL ~~NAGEMENT 

• 

CORRESPONDING MODULES ARE: 

• MAsTER ScHEDULING 

I CAPACITY PLANNING 

e MATERIAL REQUIREMENTS 
PLANNING 

0 PRODUCTION CONTROL 

- WoRK ORDER SCHEDULING 

- SHOP FLOOR DISPATCHING 

- WoRK o~DER TRACKING 

3.1.2.2 
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l. sIT.: A2 

STATE OF INTEGRATED SYSTEMS: 

t PRIMARY OBJECTIVE IS TO PROVIDE MANAGEMENT AND CoNTROL 

- FEEDBACK CONTROL FUNCTIONS ARE WEAK 1 BUT PROVISIONS TO GROW 

- ~EEDS IN THIS CATEGORY SATISFIED EXCEPT IMPROVED MANAGEMEUT OF 
TECHNOLOGICAL CHANGE 

e ONLY ONE SYSTEM ADDRESSES PRODUCT AssuRANCE 

- ENGINEERING ANALYSIS AND ENGINEERING DATA COLLECTION SYSTEM 

-ABILITY TO SELECT, CORRELATE AND REPORT RESULTS ON ACTUAL PROCEss· 
PARAMETERS 

- TRACEABILITY CAN BE MAINTAINED 

- A MODEL SYSTEM 

I HUMAN RESOURCE MANAGEMENT J. ALL SYSTEM~ TO A REASONABLE DEGREE: 

- REDUCE THE NUMBER OF MUNDANE JOBS 

- [NHANCE THE DECISION SKILLS OF PERSONNEL 

- IMPROVE COMMUNICATION 

• No MoDULES RELATE rq ORGANIZATION STRUCTURE~ MortVATION AND SKILL 

I ALL SYSTEMS ADDRESS FINANCIAL MANAGEMENT 

- APPROACHES VARY SIGNIFICANTLY 3.1.2.2 
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I.S.T.: DEFINE PRODUCT AND PRODUCTION TECHNOLOGY REQUIREMENTS <A3) 

~ 
DEFINE 

a. PRODUCT AND .. 
PRODUCTION 

TEcH. Rat-1Ts 

THE PRIMARY DRIVERS OF GENERIC NEEDS ARE: 

I r1ANAGEMENT AND CONTROL 

- IMPROVED CONTROL OF ENGI~EERING ACTJVITIES 

• PRODUCT DEFINITION AND PLANNING 

- REDUCED COST AND LEAD TIME FOR ENGINEERING 

- IMPROVED PRODUCT DESIGNS 

- IMPROVED MANUFACTURING PLANS 

- IMPROVED EQUIPMENT AND FACILITIES DESIGN •_,, 

3.1.?.3 
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STATE OF INTEGRATED SYSTEMS: 

• ALL SYsTEMs HAve CAD Atm CAE MoouLEs 

• 

• 

- No SYSTEM CAN BE USED FOR ALL TYPES OF PRODUCTS 

- LINKS FROM INTEGRATED ENGINEERING TO OPERATIONAL PLANNING AND 
CONTROL ARE NOT COMPLETE, BUT SOME ARE MOVING IN THAT DIRECTION 

THE SYSTEMS Do PROVIDE lrtPROVED CONTROL OF ENGINEERING AcTIVITIES 

- BETTER USE OF PERSONNEL SKI.LLS 

- MoRE EFFICIENT USE OF RESOURCES 

- CLOSER COORDINATION OF ENGINEERING PRIORITIES AND SCHEDULES 

Nor CLEAR THAT THEY PROVIDE MoRE CoNs I'srENCY WITH Bus I NESS OBJECTIVES 

• THE OBJECTIVE oF THESE MoDULE~ Is To: 

- REDUCE COST AND LEAD TIME FOR ENGINEERING 

- IMPROVE PRODUCT DESIGN 

- IMPROVE MANUFACTURING PLANS 

I EQUIPMENT AND fACILITIES DESIGN IS AN AREA OF WEAKNESS 

- ONLY ONE SYSTEM EVEN ADDRESSES THI~ AREA 

3,1.2.3 
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~~VR~.··": I.S,T.r PROV·IDE RESOURCES <A~> 
.. 

! 
PROVIDE .. 

RESOURCES 

THE PRII1ARY DRIVERS OF GENERIC NEEDS ARE: 

• MANAGEMENT AUD CONTROL 

- IMPROVED CONTROL OF PROVISIONING 
ACTIVITIES 

• PRODUCT DEFINITION AND PLANNING 

,,.:-r - IMPROVED FACILITIES~ EQUIPMENT 
AND TOOLS 

• HUMAN RESOURCE MANAGEMENT 

• MATERIALS MANAGEMENT 

- REDUCE COST AND LEAD TIME FOR PRO-
VISIONING RESOURCES 

/ - IMPROVE RAW MATERIAL AND PURCHASED 
COMPONENTS . 

' \,. 
/ 

. THE CORRESPONDING MODULES ARE: 

. . 

• . INVENTORY MANAGEMENT 

~· MATERiAL IssuEs AND REc~IPTS 

I PURCHASE ORDER TRACKING 

3.1.2.~ 
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I. sIT I: A4 

STATE OF INTEGRATED SYSTEMS: 
.-

• THE MoDuLES ARE DESIGNED ro IMPROVE CoNTROL oF PROVISIONING AcTIVITIES 

• THE MoDULES Do Nor ADDRESS 

• 

- THE QUESTION OF IMPROVED FACILITIES~ EQUIPMENT AND TOOL~ 

HUMAN RESOURCE MANAGEMENT IN TERMS OF: 

> BETTER RECRUITING OF KEY PERSONNEL . 

> BETTER ORIENTATION AND INHOUSE TRAIN2NG 

·> BETTER INCENTIVES AND EMPLOYEE HOTIVATIOH 

> IMPROVED UTILIZATION OF EMPLOYEE SKILLS AND CAREER DEVELOPM~NT 

A NAJOR OBJECTIVE oF THE MoDuLEs rs ro REDUCE Cosr- 1\ND LEAD TIME 

- THE APPROACHES TO IMPROVING RAW MATERIAL AND PURCHASED COMPONENTS 
VARICS CONSIDERABLY 

- SOME HAVE EXTENSJrE VENDOR RATING SYSTEMS 
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I.S.T.: PRODUCE PRODUCT CAS> 

- PRODUCE 
PRODUCT 

THE PRIMARY DRIVERS OF GENERIC NEEDS ARE: 

I f1ANAGEMENT AND CONTROL 

- REDUCE COST AND LEAD TIME 0~ MANUFACTURING ACTIVITIES 

- IMPROVE RESULTS OF M.A.tlUFACTUR lNG 

- IMPROVE MANAGEMENT OF MANUFACTURING ACTIVITIES 

t PRODUCT DEFINITION AND PLANNING 

. 1 
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l.S.T.: PRODUCT PRODUCT <AS> 

STATE OF INTEGRATED SYSTEMS: 

t OPERATION PLANNING AND CONTROL MoDULES 

-THE MORE ADVANCED ARE.GEARED FOR FACTORY AND PLANT 
AUTOMATION 

• THE MoDULES ARE DESIGNED TO REDUCE CosT ~ND LEAD TIME THROUGH: 

- BETTER LOADING 

- BETTER SCHEDULING 

- MoNITORING PERFORMANCE 

• ONE SYSTEM CAN ANALYZE ENGINEERING AND PRODUCTION DATA 

- SHOULD LEAD TO HIGH QUALITY 

• 

I 

3.1.2.5 
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I. sIT I : PROVIDE LOG I ST 1 cs SUPPORT (A6) 

• 

PROVIDE 
--·Pil· . LOGISTICS 

SUPPORT 

THE PRIMARY DRIVERS OF GENERIC NEEDS ARE: 

• MANAGEMENT AND CoNTROL 

- REDUCE COST AND LEAD TI~E 

- IMPROVE CONTROL 

• PRODUCT AssURANCE 

- IMPROVED FIELD SUPPORT 

STATE OF INTEGRATED SYSTEMS: 

·-

• CoNSIDERED A MARKETING FuNcTION FOR CoNSUMER AND CoMMERCIAL PRODUCTS 

• ExiSTING MoDULES CAN: 

- BE USED TO PREPARE PRODUCT MANUALS 

- FORECAST REPLACEMENT PARTS 

- IMPROVE PRODUCT DESIGN 
3.1.2.6 
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TECHNOLOGY VOIDS OR TECHNOLOGY AREAS WHICH ARE NOT AVAILABLE TO 
SUPPORT SUBSYSTEM REQUIREMENTS CAN BE .PRIORITIZED IN TERMS OF 
COST AND PERFORMANCE DRIVERS AND HUi~AN FACTORS 

TECHrlOLOGY VOIDS AS THEY RELATE 'TO THE FoF CA.NNOT BE SO EASlLY 
COMPARTMENTALIZED AHD PRIORITIZED 

- THEY C,AN BE IDENTIFIED BY NEED CATEGORIES 

- BUT, .BECAUSE OF THE INTERACT I ON BETWEEN NEEDS, AND 
OFTEN LONG-RANGE IMPLICATIONS, IT IS NOT POSSIBLE 
TO MEASURE THE IMPACT OF FULFILLING THE INDIVIDUAL 
NEEDS 
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TV: 1 NFOR~1A T1 ON RESOURCE ~1ANf\GEMENT NEEDS CATEGORY 

THE BASIC INFOR~mTION NEEDS ARE: 

; A.MECUANISM FOR INTEGRATION 

I PROVISIOHS FOR DISTRIBUTED.DATABASES 
(ON D\SlRIBUTED MACHINES) 

1 FLEXIBILITY TO THE END USERS 

I REDUCTION OF THE NEED FOR SOFTWARE· 

• IMPLEMENTATION PLAN WHICH WILL: 

- MINIMIZE INITIAL IMPACT 

·- BE ABLE TO EVOLVE 

THE VOIDS ARE: 

I PROCEDURE FOP. CONVERTING A 

PROLIFERATIO~ OF INDEPENDENT 
DATABASES INTO AN INTEGRAL 
SYSTEM 

• HARDWARE AND SoFTWARE PRoTo-
coL STANDARDS CSEMl) 

• CoMPATIBLE HARDriARE 

• CusTOMIZABLE SYSTEMS 

a COMMERCIALLY AvAILABLE TECH­
NOLOGY FOR IMPLEMENTATION 

3.2.1 
-------------------------------------·------------------------~----------~ 
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TV: FACTORY f-\ANAGEHENT NEEDS CATEGORY 

BASIC CONTROL NEEDS ARE: 

• TRUELY CLOSED-LOOP SYSTEMS 

1 TIMELY-AccURATELY-READILY AvAILABLE 
CbNTROL INFORMATION FOR DECISION 
SUPPORT 

• IMPROVED LEVEL OF CONTROL SYSTEM 
RESPONSE TO CHANGE · 

• IMPROVED TooL~ FOR DECISION SuPPORT 

• 

BASIC VOIDS ARE: 

I COMPATIBLE ~iECHAN I SHS FOR 
DATA COLLECT I O~'i 

I REAL TIME DATA COLLECTION 

I HARDWARE AND SOFTWARE SUPPORT 
FOR DATA COLLECTION 

3.2.2 
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TV: PRODUCT DEFINITION AND PLANNING r:EEDS CATEGORY 

• PRODUCT DEFINITION AND PLANNING INVOLVES SEVERAL DISCIPLINES 
(E,G,~ INTERATIVE GRAPHICS~ FINITE ELEMENT MODELING 1 SIMULATION) 

o A NEED FOR ALL DISCIPLINES TO BE NETWORKED ON A COMMON OPERATING 
SYSTEM 

1 ADVANCES IN OTHER INDUSTRIES MAY 0-R MAY NOT APPLY TO A MODERN~ 
HIGHLY CONPLEX AEROSPACE PROGRAM WITH THE VAST AMOUNT OF DETAIL 
AND CHANGE ACTIVITY 

1 THE GREATEST BARRIER TO IMPLEMENTATION IS THE ORGANIZATIONAL IMPACT 

-----------·· ------
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~~~R~ TV: PRODUCT ASSURANCE NEEDS CATEGORY 

t .... 
oD 
0 

BASIC ASSURANCE NEEDS ARE: 

• IMPROVED ORGANIZATION INTERFACE 
DURING NEW PRODUCT INTRODUCTION 

• IMPROVED QuALITY INFORMATION 
SYSTEM 

• EFFECTIVE QA/QC fiELD INFORMATION 1 

AcQUISITION AND UtiLIZATION 

• NEW WAYS OF TEST AND INSPECTION 

• SoFTWARE QuALITY AssuRANCE 

: 

I 

: 

; 

: 
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i 

BASIC VOIDS ARE: 

• EFFECTIVE MECHANISM OR l 
NET\'JORK BY \1HICH iNFORMATION I CAN BE CoLLECTED AND CoM-
MUN!CATI:D 

• EFFECTIVE HISTORICAL DATABASE 

• "IN-LINE• QA/QC fUNCTIONS 

• SoFTWARE QuALITY AssuRANCE 
METHODS 

. 

3.2.4 
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TV: HUMAN RESOURCE MANAGEMENT NEEDS CATEGORY 

. BAS I C NEEDS CENTER AROUND: 

0 SKILL REQUIREMENTS 

I INFORMATION NEEDS 

• PRODUCT vs. PRocEss "Focus" 

I INVOLVEMENT 

• ORGANIZATION STRUCTURE 

• MoTIVATION 

I BETTER AND LONGER-TERM PLANNING 

I ORGANIZATIONAL DEVELOPMENT 

NEEDS ADDRESSED: 

. • REDUCTION oF MuNDANE Joas 

I ENHANCING DECISION SKILLS 

• IMPROVED CoMMUNICATION 

3.2.5 
~-----------------------------------·------------------------------------~ 

~~ 

"''"' c .... 
::10 
II VI 

!-' .... o 
'>DO 
C»O 
•o c:: 



,,; .. 

·~ -::..· ... ·-··. 

TV: FINANCIAL MANAGEMENT NEEDS CATEGORY 

BASIC FINANCIAL NEEDS ARE: 
• A NEw METHOD OF AccoUNTING 

• A CoNSOLIDATION AND STANDARDIZATION nF FINANCIAL DATABASES 

e AuToMATIC PART AND REsouRcE CosT CoLLECTION 

I IMPROVED MEASURES OF PERFORMANCE/PRODUCTIVITY 

• REDUCED INVENTORY CosTs 

8 IMPROVED METHODS OF PRODUCING AND PRESENTING FINANCIAL INFORMATION 

8 FINANCIAL SYSTEMS INiEGRATION WITH PRODUCTION CONTROL SYSTEMS 

• TooLs FOR MoRE AccuRATE BuDGETING 

• IMPROVED SYSTEMS FOR GENERATIHG AccuRATE MANUFACTURING CosTs FOR 
PARTS AND WHOLE SYSTEMS (AND LINK TO ENGINEERING TRADE-OFF STUDlt~J 

• FoRECASTING MoDEL(s) 

• IMPROVED TOOLS FOR EVALUATING ROI/ROA 

• 

I 
I 
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3 .2.7 
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TV: MATERIALS MANAGEMENT NEEDS CATEGORY 

BASIC MATERIAL MANAGEMENT NEEDS: 

e IMPROVE CoMMUNICATION WITH 
SUBCONTRACTORS 

• REDUCTION IN MATERIAL Cosrs 

I IMPROVED WORK-IN-PROGRESS 
MANAGEMENT 

I MORE EFFECTIVE fACILITIES AND 
EQUIPMENT MANAGEMENT 

BASIC VOIDS ARE: 

8 Nor JN THE TECHNOLOGY BUT 
I~ THE APPLICATION OF WHAT 
IS AVAILABLE 

• THE INCENTIVE TO IMPROVE 
THIS AREA 

3.2.6 
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ICJ1!1 CONCEPTUAL DESIGN FOR 

COMPUTEn -!t~TEGR .. rrEO MANUFACTURING 

DOCU~(Nl ~~QUEST PROER FORM 

SUBMIT DOCUMENT I!EQUESTS TO: ArHAl/MLTC 
ICAM Program Library 
Wright -Patterson AFB OH 45433 

-VOLUME HUMBER ANU CHECK 
MANAGEMENT NUMBER TITLE OF DOCU~•'.ENT ( v) -

AFWAL-TR-84-4020L Vol. 1 OVERVIEW ) --

AFWAL-TR-84-4020 Vol. 2 FACTORY OF 111E FliTURE, PARTS 1-& ( ) 

AFWAL-TR-84-4020, Vo~ H:1EGRATfO COJ1:0S I TES CENTER PARTS 1-10 ( } 

AFWAL-TR-84-4020 Vol. 4 Q_UALI TY AS':;_~Ij3A~Jf.[ MODELING,_ PARTS 1-& ( ) 

AFWAL-TR-84-4020 Vol. 5 BENEFITS TRACKING, TECHNOLOGY TRANSFER ( ) 

AFWAL-TR -84 -402Q... Vol. &, RECOMMENOAJ.LQNS FOR FUTURE PROJECTS ( ) 

PLEASE PRINT 
NAME: HAIL CODE: 

TITLE: 

DEPARTMENT: 

COMPANY: 

STREET or P. Q. BOX: 

CITY: STATE: Zl P: 

REQUIREMENT FOR DOCUMENT 

Document(s) requested for the purpose of (intended use and program/project application 
must be provided): 

Documents generated under the ~ontract contain controlled distribution arid export control 
clauses. 

I am a u.s. citizen. I am employed by a U.S. organization/company and am aware that the 
use of these Air Force documents must comply with: 

U.S. BXPORT CONTROL LNIS 

This doc~·nt contdins lnfocmdtlon foe manufdctucing oc uslng munitions of wdre 8xpoct 
of the lnfoclDdtlon contCJ!ned h<.•cein oc release to foreign lldtions within the un1 ted 
Stdtes without flcst obtdlnJ.ng dJl e;cport 11cense ts a vJ.ol.ttlon of the intecndtiondl 
Traffic in Arms Reguldtions. Such vloldtion is subject to a pendlty of up to 2 y• ... cs 
Imprisonment dnd a fine of $100,000 undec 22 USC 2778. 

Signature: Date: 

Telephone No. : 
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Fl\CTOf>Y OF THE FUTURE CONCE~TUAL FRAMEWORK 

DOCUK£~T RlQUlSl ORDlR FORM 

SUBf111 DOCUME.Ii i RlQUlST$ l 0: AFWAL/Ml TC 
rc~M Progra11 library 
Wright-Patterson AFB OH 45433 

VOLUME HUMBER ANO . tHt.n 
I1AHi\GEMEHT HUMBER TITLE Of OOCUHE.N1 ( ./ ) 

I 

so 110512000 Scopi n_:r oo~..wr,ent ( } 

HAOl , '512000 ~eed s Afl.i!l ys is Doc wr.ent - {_ .1 

SAO 11 0512000 State-of-the-Art Oocu~nt ( )_ 

SRD11 0512000 _____ S~stem Reguirements Document ( } 

ss 110512000 S~stern Specification Document ( \ 

HHR110512000 Conreotual Frameworl: Document { } 

PLEASE PRINT 
NAME: MAll CODE: 

TITLE: 

DEPARTMENT: 

COMPANY: -

STREET or p_ 0. BOX: -
CITY: STATE: ZIP: 

REQU I RE.MEtH FOR DCCUHEHl 

Do~urnent(s) requested for the purpose of (intended use and prcqram/project application 
mu~t be provided): 

- -
Documents generated under the contract contain controlled distribution and expor~ contro 1 
clauses. 

1 am a u.s. citizen. I am employed by a U.S. crganizaticn/co'llpany and am aware that the 
use of these Air Force documents must comply with: 

u.s . EXPORT COIITROL LNIS 

T.'ll:s docw~~~o'nt contdlns tnEorlt>dtton £or ;ndrJUfdct•Jrinq or u!llnq munitions of wdce export 
ol the infoc111dtion ,-ontdJfk?d h•Jct:otn oc rt.'ledsc to foreign ndtion:s within the United 
Stdtes without f1c5t obt~inlng dn ~xpoct llc~nse ls d v!oldtion of th~ interndtlonAl 
Tcdffic Jn Acms Reguldtions. Suci. violdtion is subject to 1 peiVI.l tt} of up to 2 ye11rs 
JmprJsonment and i1 fine of $100,000 under 22 USC 2778. 

S1gnat:ure: Dl't:•: 

T~tl•phone llo.: 
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HITEGRf.T£1) COf<IPOSITES CtrHER 

I'IOCIJ~UII RU)UlSl ORDEP. fORM 

SUIW-11 ti.!~UI-lHi1 l!U)U';S!~. l(l: 

--
AFWAL/MLTC 

ICAM Program Library 
Wr1ght-Patterson AF8 OH 45433 

VOLUH£ NU~SER AND I CHt.CK 
~ANAGEMENT NUMBER ll TLE OF DQ_t_U_IIENT ( v ) 

SD 11051\000 

+= 
S~opi ng_ Oocu~nt { } 

HAD 11 0511 000 . Need; ~nal~$i~ Document ( ) 

SEDll 0511 OOC Svst~>m Etw,ronment Dotument ( ) 

_MD 11 Otilll_QQ ___ State~of-the-Art Oocu~nt ( l 
SRD110Sll000 System~irements Document ( ) 

ss 110511~00 S:.-st~.fl_?pZ'c1fication Document [ ) 

SOSll 0511 COO System Design S~ecifi~ation Document ( - ,.,.,., 
OS 110511000 Development Specifitatlon Document ( \ 

STP110511000 System Test Plan Strateg~ { l 
IP 110511000 ~~1emer.tat1on Plan ~trategy ( ) 

PHASE PIHNT 
NAME: MAll CO~: 

')i -,~ . 
TITLE: --' - -. '. 
DEPARTMENT:-. .. ..,.,;..- ·. 4 

CC..~PANY: 
·• 

STREET or f'. o. BOX: 
STATE: =:fJ TY: - ZIP;_ 

-_-:= 

REQUIREHENI F-011 OOCU~lHl 

Oocument(s) requested for the purpose of (intended use and program/project app11cation 
must be prov1ded): 

Documents generated under the contract contain controlled distribution and export control 
clauses. 

I am<: u.s. cit1zen. 1 am employed by a U.S. organization/company and am aware that the 
use of these A1r Force documents must comply with: 

U.S. llXPOR!I' CONTROL LAJIS 

Th!3 document cont.J!ns !nfoc::-.uton foe IMJlufdcturtng oc ustng munitions of w.ace Sxport 
of the !ntocllliltton cont.J!ne.::l heroin or release to foretgn ndt!ons wtth!n the UnHN 
St.Jtes without fJcsr: obtdintng d1l expocr: license l:; d vlolatton of the tnr:ern.Jt!onal 
TC<lff lc tn Arms Regul.JC!ons. Such violation ls subject to a penalty of ~p to 2 v~cs 
impclso~nt and a flne of $100,000 under 22 usc 2118. 

Signature: D4te: 

Telephone 110.: 
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QUAUTf ASSURANCE MODELING AND ANAL YSJS 

OOCU~lHl RlQUES1 ORDER FORM 

SlJBHll OOCUHENT Rf.QU(S IS 10: l\FWAL/Hl TC 
lCAH Program library 
Wright-Patterson AFB OH 45433 

VOLU~t HU~B[R AND CHlCl 
~A~AGtMt~l_~~UM~B~,E~R~-~-----JJJ1£_Q£ DOCU~~£!!.H·!:_r ___________________ +--'~~~~) 

SO l10513JOp _____ ~ ______ scop1r.g Ooc<_J_!!l~e!!.nt!:_·---------------t---L--(-""'-1) 

NAO 11 0513i')_O'------+----"fl'""e.::.ed,...~"--'-'A""'"n,._a 1_,_,1 v'-"'~5_,_i "--5 __,IJ""o_,_c u~m""e""'n_,_t __________ -+-_..__c· _1..._. 

~~110513000 ~ys tern En vi r·onment Document 

1-""S-'-'R::!-0~11~0"-'5"-'1'-'3'-"0'-"0"0''------+---···-' S ~stem fkg_u. i reme n t s Document 

l l 

L_J_ 

~T~T0~1~1~0~5~1~3~00~0~-----+-----~"~r~~~i~t~e~c~t~u~rc~·~f~o~r~P~rc~d~u~c~t~As~s~u~r~a~n~c~e __________ +-~{~-i..._. 

1SP110513000 __ILA Program Managemrnt Standard Recorrrnenda ~-ions ( l 
PLEASE PRINT 

NAMf: HAIL COOf: 

TITLE: 

DEPARTMENT: 

~C~OM~P~A~N~Y~: _________________________________________________________ -; 

STREET or P. 0. BOX: ·----------------------------,----------1 
CITY: STATE: ZIP: 

REQUlRlHlNl FOR DOCUMlHl 

Oocument{s) requested for the purpose of (intended use and program/project application 
must be provided): 

--

-----------------------------------------------------------------------
Jo~uments generated under the contract contain controlled distribution and export control 
clauses. 

1 am a U.S. citizen. 1 am employed by a U.S. organization/company and am aware that the 
use of these Air Force documents must comply with: 

U.S. BXPOm' CONTROL CAIS 

This document contains Intocn~tion foe manufacturing or using munitions of ~dee 6Aport 
of the Informdtion contained herein or r~lease to foreign nations ~!thin the United 
States without f!cst obtaining dTI eJC[X)rt l!cense Is a v~olation of the Internat:oruiil 
Tr:affic In Ar:ms Regulations. Such violation is subject to a penalt!l of up to 2 1Jf!'4CS 

Impr:Isonment and a fine ot $100,000 under 22 usc 2778. 

S1gnature: _______________________________________________ .Date: ______________ ~------

Telephone No.:---------------------------------------------------------------------
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